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In recent years many investigators have endeavoured to ac- 
count for differences in flour strength from a colloidal viewpoint. 
Wood (1907), and Wood and Hardy (1908) were the first to point 
out that wheat flour proteins were typical emulsoid colloids and 
that the colloidal qualities of the proteins were of greater impor- 
tance than their chemical properties in relation to flour strength. 

_Gortner and Doherty (1918), Sharp and Gortner (1922), and 
Gortner and Sharp (1923) have shown that wide differences exist 
in the imbibitional capacity of different glutens, the glutens from 
strong flours exhibiting a greater imbibitional capacity and a lesser 
_ degree of dispersion in aqueous solutions of acids and alkalis than 
glutens from weak flours. | | 

This colloidal viewpoint has been strengthened by the exten- 
sive researches of Gortner, Hoffman and Sinclair (1928, 1929) on 
the peptizing action of certain salt solutions on a series of 12 sam- 
ples, which represented flours milled from the various types of 
wheat grown extensively in the United States and Canada. . They 
observed wide differences in the amount of protein that could be 
extracted from a given flour, their results showing that protein 
“solubility” was in reality peptization, since its extent was gov- 
erned by the nature of the anions and cations present in the salt 
solution—a typical lyotropic series of anions and cations being 
obtained. It was shown that peptization was not hydrolysis as 
_ there was no increase in free amino or carboxyl groups, and, fur- 
ther, that the differences in extent of peptization with the various 
salts were not due to variations in H-ion concentration. 


. 1 Published as roger No. 14 of the Associate Committee on Grain Research, National 
Research Council of Canada. | 
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Furthermore, with fixed concentrations of a given salt, wide 
differences were observed in the percentage of total protein ex- 
tractable from different flours; the proteins of weak flours were 
more readily peptized than those of strong flours. These differ- 
ences paralleled the behaviour of strong and weak glutens upon 
peptization with acid and alkali solutions, as had been previously 
observed, and indicated that the colloidal properties of the wheat 
flour proteins were involved. They suggested that these differences 
in colloidal behavior may be due to inherent differences in wheat 
varieties and also to environmental conditions under which the 
wheat was grown and harvested. 

_Gortner (1927) obtained high negative correlations between 
loaf volume and percentage of protein extractable by a given salt 
solution, reporting that of 13 coefficients computed, the lowest 
obtained was r = -.672 + .017 with normal KI solution, and the 
highest — .925 + .028 with normal MgSO, solution. This indicated 
that the larger the loaf volume, the smaller would be the percent- 
age of the total protein peptized, and suggested that such deter- 
minations might be of value in the estimation of baking quality, 
and also in studies on frosted, rusted, sprouted, or otherwise dam- 
aged wheat. 

Geddes (1930) in a study of the influence of heat on flour, 
found with increasing severity of heat treatment a marked and 
progressive decrease in viscosity, and in ease of peptization, of the 
flour proteins with normal MgSQ, and normal KI solution which 
were paralleled by decreases in gas-retaining capacity of the 
doughs, and in loaf volume. High positive correlations were ob- — 
tained between the percentages of protein extractable by each of | 
the salts, which in turn were positively correlated with viscosity, 
indicating that the magnitude of these fractions was influenced by 
the colloidal properties of the flour proteins. High positive corre- 
lations resulted between loaf volume and percentage of protein 
peptized; this, however, would seem to have no bearing on the 
results obtained by Gortner and his co-workers, since they were 
working with native proteins, while in the case of the heated. 
flours, more or less denatured proteins. were being dealt with— 
which from a priori reasoning would result in decreased “solu- 
bility.” 
MacLeod (1929) using a simplified procedure determined the 
percentage of total protein peptized by 0.5N MgSO, and 0.5N KBr 
on a series of 29 flours utilized by Larmour and MacLeod (1929) 
in a study of the relative value of different baking methods in the 
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estimation of baking quality. Correlation coefficients calculated 


between the percentage of total protein peptized by these salts and 
the baking scores were found to be negative, the lowest being 
—.284 + .12 (between percentage peptized by 0.5N MgSO, and bak- 
ing score basic formula) and the highest —.788 + .05 (between per- 
centage protein peptized by 0.5N KBr and Arkady and malt for- 
mula). 

Experimental 

The investigations thus far reported on the applicability of the 
protein peptization test to the estimation of baking quality, 
although confined to rather limited series of flours, indicate that 
the method may be of great commercial value in the study of 
wheat quality. The present paper deals with the application of the 
method to flours experimentally milled from hard red spring 
wheats grown in Western Canada in 1928. A combination of con- 
ditions prevailed over the prairie provinces during the growing and 
harvesting seasons of 1928, which resulted in a wheat crop of low 
average quality. Owing to a period of limited rainfall following 
seeding, germination was not uniform; severe frosts occurred in 
the third week of August, resulting in many types of frost damage, 
combined with green and immature kernels throughout a large 
proportion of the crop. 

For the purpose of making a preliminary survey of the baking 
quality of flours milled from immature and frosted wheat, 246 sam- 
ples of the 1928 crop varying in grade from No. 1 Northern to 
“Feed” (Canadian grades) were collected by the Associate Com- 
mittee on Grain Research, and distributed to the collaborating lab- 
oratories. This collection seemed an excellent source of raw mate- 
rial on which to determine chiefly whether flour proteins would 
exhibit differences in ease of peptization as a result of the presence 
of increasing quantities of green, immature and frosted kernels, 
and the extent to which these differences are related to loaf volume. 

Of the 246 samples in the collection, 102, varying in grade from 
No. 2 Northern to No. 6, were utilized in the present study, 20 


samples being selected at random for each grade (22 in the case 


of Grade No. 4). The wheat samples after cleaning and scouring 
were conditioned to 13% moisture 4 days prior to milling, a 2,000 g. 
sample was tempered to 15% moisture, and a straight grade flour 
milled on a two-stand Allis Chalmers experimental mill following 
the flow sheet published by Geddes (1929). The flours were aged 
in cotton sacks for. thirty days prior to baking in a room main- 
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tained at approximately 70% humidity. The baking procedure used 
‘was a modification of the “Basic Standard Procedure” described 
sby Blish (1928). The modifications have been detailed by Geddes 
£1929) and by Larmour (1929) and involve the use of 100g. of 
flour (13.5% moisture basis), .variable absorption, mechanical 
mixing, and baking in low-sided pans. (A constant absorption 
is not practical or desirable in such a series of flours, since the 
absorption may vary from 58% to 75%, the higher values being 
obtained in the case of flours milled from badly frosted wheats.) 
= In all other respects the A. A. C. C. procedure was followed and 
the method thus modified is designated in this paper as the basic 
‘method. Loaf volume was determined in the measuring device de- 
‘scribed by Geddes and Binnington (1928). The duplicate bakings 
were made on consecutive days and bakes which failed to agree 
“within 20"cc. were repeated. The samples were rebaked with the 
addition of 0.001% KBrOs to the baking formula (designated as the 
bromate method), and also with the addition of 1.0% F leischmann’ S 
diastatic malt (designated as the malt method). 

a Total protein content of the flour was determined by the Kjel- 
dahl-Gunning procedure and the results expressed on a 13.5% 
moisture basis. For determining the ease of peptization of the 
flour proteins 0.5N MgSO, solution was originally selected. Sev- 
eral considerations led us to utilize this salt. The data obtained by 
Gortner, Hoffman and Sinclair (1928, 1929) showed that variations 
in concentration of this salt had little influence on the percentage 
protein extracted. The highest correlation with loaf volume was 
obtained with normal MgSO, solution; the salt is cheap and 
readily obtainable in a fairly high state of purity. Previous experi- 
ence with normal MgSO, solution revealed a very slow rate of 
digestion in the Kjeldahl determination and this led to our use of 
O5N MgSO, (Baker’s C.P. grade). The method as outlined by 
Gortner and co-workers was followed. This consists essentially of 
three successive 30 minute extractions of 6 g. flour with 50 cc. salt 
solution and determination of the protein peptized by Kjeldahling 
‘the combined extracts. All determinations were made in duplicate 
and repeated when analytigal agreement was not obtained. The 
results were calculated to 3.5% moisture basis. As we had no 
knowledge of the influence q@ temperature on the extent of extrac- 
tion it seemed of importance to conduct the extractions under as 
uniform temperature conditions as possible. The determinations 
‘were made in a room equipped with a thermostat and variations in 
temperature from day to day did not exceed 2°C. | 
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The determination was found to be very laborious due to the 
difficulty experienced in putting the packed flour residue resulting 
from centrifugation, into suspension for the second and third ex- 
tractions. In a personal communication Dr. R. K. Larmour, of the 
University of Saskatchewan, called our attention to the simplified 
procedure developed in his laboratory by MacLeod (1929). The 
method consisted in a single extraction of 6 g. flour with 200 cc. 
salt solution, by agitation in a mechanical shaker for two hours, 
centrifuging, and determining the protein on a 50 cc. aliquot of the 
supernatant liquid. This method was found to give somewhat 
higher results than the original Gortner procedure but the values 
were relative for different flours. Since our data for the amount 
‘of protein extracted by 0.5N MgSO, showed but slight variation — 
between different samples, flours milled from wheats grading No. 2 
and 3 Northern were extracted with 0.5N KBr, and flours from 
Grades 3 Northern, No. 4 and No. 6, with 0.5N KI, using the modi- 
fied procedure in order to increase the spread in peptized protein 
- between the different flours. | 

The results of these determinations, together with total pro- 
tein content of the flour, loaf volumes and baking scores, by the 
basic, malt and bromate procedures are summarized according to 
wheat grade in Tables I to V inclusive (in the Appendix). For the 
sake of brevity the detailed baking data are omitted, but the com- 
puted baking score, calculated by the method detailed by Larmour 
(1929), summarizes. the bread characteristics. The detailed data 
will be published by the Associate Committee on Grain Research, © 
and in this paper loaf volume is the only characteristic considered, 
since in statistical studies it is desirable to use a figure which is 
subject to definite quantitative expression. 


Experimental Results 


The means and standard deviations for the analytical data are 
summarized according to wheat grade in Table I. The means for 
total protein, peptized protein and percentage total protein pep- 
tized are quite uniform for the different grades, no definite trend 
being evident, indicating that there is no essential difference be- 
tween peptizability of the flour proteins from immature and frost 
damaged wheats, and sound wheats. It should be pointed out, how- 
ever, that these commercial samples are of unknown history and 
are probably far from uniform in regard to variety and inherited 
characteristics. Such variations, however, are desirable in a study 
of the value of the peptization test in relation to wheat-grading 
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problems. Peptization by the different salts is in relative agree- 
ment with the data of Gortner et al. 

With regard to baking results, there is an increased variability 
in loaf volume as the wheat grade decreases, and in the case of the 
bromate data, a definite trend towards decreased loaf volume. The 
behaviour of these flours to the differential test is of particular 
interest, the response to bromate becoming progressively less as 
the grade of wheat decreases. The mean response to bromate is 
represented graphically in Fig. 1. Larmour and MacLeod (1929, 
'1929a) have adduced abundant evidence to emphasize the value of 


determining the bromate 


sponse of experimentally milled 
flours in estimating wheat quali- 
ty—their behaviour in this re- 
Hs spect giving reliable data for 

, | predicting the ability of a flour 
to stand up in a blend with weak 
flour. It is believed that the bro- 
mate baking method alone, gives 
a more reliable measure of qual- 
ity than the basic procedure. 
Furthermore, Larmour (1930) 
ee = also pointed out that the baking 
values obtained by this method 


RESPONSE TO BROMATE IN G.C. 


WHEAT give much higher correlation 


Fig. 1. Showing the mean response to Coefficients with protein content 


tin, et (loaf volume in cc. by bromate : 
method—loaf volume in cc. by basic meth- Of Wheat and hence are more 


od) of flours milled from different wheat 
grades (Canadian grades, 1928 crop). consistent with the commercial 


damage and immaturity. vers (importance to 
grade. 

sults of protein tests on wheat. 

In view of these considerations, the bromate values for loaf 

volumes, taken in conjunction with the decreased response to bro- 

mate furnish very strong evidence that the mean baking quality of 

these flours decreases with grade. Their baking behaviour is not 


paralleled by any similar trend in peptizability of the flour proteins. 


Total Correlation Coefficients 


Our results have been submitted to a statistical study and the 
method of analysis developed has been applied to the published 
data of Gortner et al (1929), and also to the peptization results 
obtained by MacLeod (1929) on a portion of the series of flours on 
which the baking data has been published by Larmour and Mac- 
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Leod (1929.) These results are summarized iff Table VI (Ap- 
pendix). Of the 29 flours in the series of Larmour and MacLeod, 
24 were 75% patent flours experimentally milled from wheats 
grown in plots in various parts of Saskatchewan in 1926 and 1927. 
These particular samples were all grown from the same lot of seed 
of a very pure strain of Marquis and were chosen from a large 
series similarly grown, because they exhibited the greatest range 
in protein content and apparent baking quality by the basic pro-— 
cedure. Of these flours of known history 3 were milled from 
wheats grading below No. 3 Northern. Excluding these 3, the 
series provided excellent material for a study of the value of the 
- peptization test applied to flours milled from sound wheat of uni- 
from inherited characteristics grown under different environmental 
conditions. In our analysis of their data we therefore, included 21 
samples (omitting Nos. 13, 21, and 24 to 30 inclusive, from consid- 
eration). Tables III and IV give the statistical constants calculated 
from the data of Larmour and MacLeod, and Gortner et al. 

The total correlation coefficients (as shown in Table II) calcu- 
lated from our own data bring out many of the important points 
regarding the relations between total protein, peptized and non- 
peptized protein, and the baking quality of the flours as measured 
by loaf volume. The significance of these coefficients may be 
judged by comparison with the 5% points or minimum significant 
values according to the number of pairs of observations. These 
values have been tabulated by Fisher (1928). In the individual 
grades the coefficients are calculated from 20 pairs of values and 
the 5% point is .444. Grade No. 4 is an exception in that 22 pairs 
of values were used and the corresponding 5% point for the corre- 
lation coefficient is .423. For the entire series of 102 pairs of values 
the 5% point is .195. 

With regard to the actual calculation of the total coefficients, 
it may be of interest to point out the manner in which some of 
these were obtained in order to save additional labor. The total 
protein is designated by a, protein peptized with 0.5N MgSQ,, 0.5N 
KBr, and 0.5N KI by by, be, bs, respectively, and the corresponding 
percentages of total protein peptized by dj, de, and ds, while loaf 
volume by the basic, malt, and bromate methods has been desig- 
nated by e, f, and g. 

The correlation coefficients rae, etc., are standard measures for 
the relation between total protein and loaf volume and are deter- 
mined in any event. They were calculated directly as well as the, 
coefficients, rve, etc., for the relation between peptized protein and 
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TABLE Il 
Torat CorrELATION COEFFICIENTS 
Grade No. 
Correlation Entire 
Coefficient 2° 3° 4 5 6 Series 
Ter, .449 613 .746 611 .506 594 
Fabs 919 .967 .818 vel 
Yad; -—.739 —.870 —.834 —-.685 _—.679 -—.779 
Teds ~.610 -.531 ~—.528 
Tas 533 355 595 511 
Yat 626 .796 877 688 572 .679 
Yag .864 -.719 .654 .689 
Yas 349 .739 441 .242 491 
.698 | 267 448 631 459 
Tbge .258 410 “eee eee cee eee 
.440 .538 .718 561 .486 
—.017 —.513 —.148 —.449 —.287 —.292 
Tage —.491 -—.138 —.018 
Tort .549 497 .748 517 .593 521 
Toef 553 751 eee 
Tosf 819 .886 .686 
Test 792 .918 667 515 658 
Test 707 .824 .406 
art —.258 —.698 —.664 —.406 —.144 —.438 
Tdef —.120 —.595 eee ee 
Yast —.330 —.323 .010 
.484 546 464 .521 .503 
.432 888 see eee 
Thee 784 .889 .768 
Ter .539 708 .835 709 .615 671 
Tees 505 637 
Tass —.240 —.590 —.603 —.475 —.308 —.458 
540 .688 504 .376 501 
Togcs .779 .889 .568 
NOTE— 
a = % total protein in flour 
bi, b2, bs = % peptized protein by 0.5N MgS0Os, 0.5N KBr & 0.5N KI respectively. 
C1, ¢2, ¢: = % non peptized protein by 0.5N MgS0O.«, 0.5N KBr & 0.5N KI respectively. 
di, dz, ds; = % total protein peptized by 0.56N MgSOu, 0.5N KBr & 0.5N KI respectively. 
é, f, g = loaf volume by basic, malt and bromate methods respectively. 
r = response to bromate in ce. 
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TABLE III 


Vol. 7 


Totat CoEFFICIENTS AND Orner Statistics From Data or MacLeop, 


AND oF LAarMOUR AND MacLeop on 
Maravuis WuHeats Grown FROM SAME SEED 


Flour 


FROM SounpD 


Standard 
Means Deviations Total Correlations 

a 12.1 1.477 Tad, .855 Yeas 
b1 1.94 0.1675 Tabs Taye 
be 4.11 0.4023 Tad, —.777 Tart —.250 
di 16.2 1.008 ~.722 ~.495 
de 34.1 1.515 Tae .000 Tdge ~.120 
é 259 27.04 Taf .588 Tdef —.334 
f 302 34.91 Tas .847 —.473 
g 326 45.95 Tose, .819 

Toye 

Tort 651 

.831 

Thece .892 

Thee —.063 

597 

.843 

Tere —.004 

.568 

831 

Tose .022 

Teof .568 

TABLE IV 


Statisticat ANALyYsis oF Data PusiisHeD BY GorTNER, HOFFMAN, AND SINCLAIR (1929) 


Means Standard ; 
Deviations Total Correlation Coefficients 
a 12.18 1.485 Tab, —.066 
bi 3.13 0.2539 .612 
ba 4.69 0.6135 Tad, —.830 
di 26.18 4.401 Tads —.438 
de 38.78 4.741 Feo .539 
2057.5 116.1 Tore: —.231 
Thece .243 
Toye —.399 
Toge —.222 
Teyze .592 
Tege -773 
Taye -.673 
—.845 


loaf volume. Since a=b+ c where c is the non-peptized protein ; 


Tce = = 


¢=a-—O6 and it can be shown easily that: 


Taeoa 


This provides a very simple method for obtaining the correlation 


coefficients between non-peptized protein and loaf volume, which are 
necessary in the calculation of partial or multiple correlations. 
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The correlations between total protein and per cent of total protein 
peptized were determined in order to obtain some measure of the con- 
stancy of b, the peptized protein. The manner in which these correlations 
Yad,, Yad, and rqa,, measure this factor is obvious if we represent d as 
b/a, where a is the total protein. When 0 is a constant fraction of a the 
ratio b/a is a constant value and the correlation coefficient r,v/a)q be- 
comes zero. On the other hand, if b is itself a constant value the coeffi- 
cient 7,»/a)a iS negative and its magnitude is entirely due to the variation 
in total protein. It.will not be equal to unity, however, even under 
these extreme circumstances as the relation between k/a and a where k 
is a constant value is obviously non-linear. The coefficient raa therefore 
does not approach — 1 as a limit as b approaches a constant value k. 

The high negative values obtained for rag show that as the total 
protein increases the peptized protein does not increase relatively. This 
brings up the question as to whether or not this result is due to more 
incomplete extraction as the total protein increases. To satisfy ourselves 
on this point a series of the flours of varying protein content were ex- 
tracted 6 times with 0.5N MgSO, by the Gortner procedure and the 
last 3 extracts combined and Kjeldahled, with the following results: 


% Total Protein % Peptized Protein 


Sample No. (13.5% Moisture Basis) (13.5% Moisture Basis) 
462 8.58 0.21 
460 8.62 0.17 
675 11.41 Ge 
435 11.59 0.15 
466 . ~0.15 
508 12.60 0.15 
487 13.51 
536 13.71 | 0.18 


The high negative correlations for raq are, therefore, not to be 
attributed to incomplete extraction. Similar high negative values also 
have been obtained for the data of Gortner, and of MacLeod. 

The next set of total correlation coefficients of considerable interest 
are those showing the relation between loaf volume and the percentage 
of the total protein peptized. This is the measure used by Gortner 
(1927) and for which high negative values were obtained. It seemed 
that this might be an important measure of the relative values of the 
peptized and non-peptized portions of the total protein, and it is there- 
fore of interest to examine the nature of this correlation coefficient more 
closely. In our symbols the coefficient is represented by rae which is 
equivalent to 7 (0/a)e. In the first place it is obvious that part of the value 
Y(b/aye is due to fae and since the latter is likely to differ for different 
flours 7./a)e Cannot be used as an absolute measure of the relative values 
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of peptized and non-peptized protein. In the second place if the relation 
fj between a‘and ¢ is a linear one the relation between (b/a) and e will 
uy tend to non-linearity and this must be true whether or not it can be 
demonstrated from the data. It is distinctly incorrect to measure non- 
i linear relations by means of the correlation coefficient and therefore we 
must decide against its use for cases such as are being dealt icici in 
this paper. 

It follows also from this discussion that the percentage of the total 
protein peptized cannot be efficiently used as an indication of: the baking 
quality of the flour as measured by the loaf volume. To date the best 
indicator of quality is the total protein and if the percentage of the total 
protein peptized is a better measure we would obtain higher values for 
Yr vjaye than fae. Table YV summarizes the data on this point. It will be 
observed that for the frosted series the correlations rae, Tas, and — 
rag are higher than the corresponding coefficients where (b/a) is in- 
volved. From the data of Larmour and MacLeod a comparison of their 
values is only possible for the malt and bromate methods of baking as 
the other group of coefficients is all quite insignificant. Here we note 
the same tendency as in the data from the frosted series. The one excep- 
tion is provided by the data from Gortner, Hoffman, and Sinclair. 
These flours differ widely in quality and probably represent the extreme 
in this respect. It is obvious from an inspection of r,v/a)e that this value 
can only be greater than rae when b decreases as a increases. This was 
actually the case in the small series of flours studied by Gortner, Hoff- 
man and Sinclair. The data from the other series, however, do not 
f bear out the theory that this is a general phenomenon and indicate that 
{ on the whole, total protein is a distinctly better measure of quality than 
the per cent of the total protein peptized. 

It is evident that rae, rar, rag, in part measure the constancy of the 
peptized protein. This is shown by the values of the coefficients when 
salts are used which peptize different proportions of the total protein. 
As will be noted from the footnotes in Table IJ, the symbol d; repre- 
sents b,;/a where b; is the protein peptized by 0.5N MgSOsg, and dz 
represents b,/a where bz is the protein peptized by 0.5N KBr. The lat- 
ter takes out more protein than 0.5N MgSO, and therefore introduces 
a greater absolute variability in b. Again d; represents b;/a where 
bs is the protein peptized by 0.5N KI and this salt takes out a still 
: greater proportion of the total protein. Some of the correlation coeffi- 
| cients for the percentage of total protein peptized and loaf volume by 
the basic (e), malt (f) and the bromate (g) procedures are tabulated 
below: 
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Grade Grade Grade | Grade 
2 3 4 
Taye —.513 —.148 —.287 
Tage —.491 —.138 —.018 
Yast —.330 -.323 . .010 
Taz9 —.240 —.590 —.603 —.308 
—.177 —.379 “ee eee 
Taso | —.228 —.272 —.017 


In every case we note that there is a reduction in the correlation 
coefficient with the salts peptizing more of the protein, - 

The total coefficients rae, Yat, fag, indicate that the malt and bro-. 
mate methods give a somewhat closer relationship between loaf volume 
and protein content of the flour than the basic procedure. 


TABLE V 


ComPaARISON oF CoRRELATION COEFFICIENTS OBTAINED FROM PROTEIN AND Loar 
VoLUME wiTH THOsE OBTAINED FROM Per CENT OF PROTEIN , 
PertTizep Loar VoLuME 


Frosted Wheat Series 


| : Grade No. 
Correlation Entire 
Coefficient 2° 3° 4 5 6 Series 
Tae .533 .595 511 
Taye —.017 —.148 —449 —.287 —.292 
Taf .626 796 877 .688 .572 .679 
Tart —.258  —698 —.664 —.406 —.144 —.438 
Taef —.120 —.595 eee oe 
Tadsf -—.330 —.323 eee —.010 ‘eee 
Tag 5758 .723 .719 .654 .689 
—.240 —.590 —.603 —.475 —.308 —.458 | 
Tdgo -.177 -.379 ees eee eee eee 
Value at | 
5% point .444 .444 .423 .444 .444 195 
Data From Larmour and MacLeod 

Tae . 000 Ta f 5 88 Tag .847 

Tage ~.120 —.334 —.473 

Value at 3 | 

5% point .433 .433 .433 

Data from Gortner, Hoffman, and Sinclair 

.539 

—.673 

—.845 

Value at 


54% point .602 
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The correlations between protein content and response to bromate 
(rar), while not significant for grades 2 and 6, indicate that bromate 
response is in some measure related to protein content. By reference to 
Table I, it will be observed that the variability in protein is low in grades 
2 and 6. It has already been noted that the mean protein content of the 
flours milled from the different grades is very similar, while the bromate 
response decreases algebraically with decreasing grade being negative 
for No. 5 and No. 6. The correlation r,, nevertheless, is positive in all 
cases, indicating that the actual response of an experimentally milled 
flour to bromate depends in part on the quantity of protein present and | 
in part on other factors usually included in the term, “protein quality.” 


Partial and Multiple Correlation Coefficients 


As pointed out above, the simple correlation coefficient 7,»/a)¢e 1S 
affected in part by changes in a (the total protein) and is therefore not 
a satisfactory measure of the relative value of the peptized and non- 
peptized portions in relation to baking quality. It remains to devise a 
method of analysis which will decide this point. | 

Any attempt at holding a constant by partial correlation methods 
brings out the fallacy of using such a variable as a in a study of this 
kind. Using the notation or,»/a)e to indicate that a is held constant it is 
obvious that of(v/aye iS approximately equal to .7)-, thus eliminating the 
ratio b/a as a variable. af (1/2)e does not exactly equal ,7,- because when 
@ is small the variability of b/a is increased and when a is large it is 
decreased and this has some effect on the value of a7(»/a)e. If the non- 
peptized protein is represented by c we have a=b-+c and it would 
seem at first possible to compare the coefficients grze and gfce in order . 
to measure the relative values of the two classes of protein. Actually, 
however, this reasoning is erroneous as b=a-c giving: 3 

| al be = al (a-cye 

In the a’ a-cye, @ 18 held constant so that we have 
ning with ofre: 

a’be = al (a-cye = al-ce = ce i 

The two coefficients arve and ofce are, therefore, numerically equal 
and of opposite sign, and hence cannot be utilized to determine the rela- 
tive values of the peptized and non-peptized portions because of the 
use of the variable a which contains both b and c. 

In view of these considerations, one obvious method of cnileels 
was to compare partial correlation coefficients such as »,fc,e, with 
e7b,e, aNd With These coefficients are given in pairs in 
Table V1. If c, the non-peptized protein, is the more valuable, we would 
expect the value of sree to be higher than ¢rie, etc. With regard to 
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the frosted series, it will be noted from the figures for the entire series 
that this is in general true for 0.5N MgSO,4. For 0.5N KBr there seems 
to be no definite trend in either direction, while for 0.5N KI the situ- 
ation is quite reversed, the peptized protein being the more valuable in 


TABLE NO. VI 


ParTIAL CoRRELATION COEFFICIENTS 


Grade No. 

Correlation Entire Average 
Coefficient 2° 3° ya 5 6 Series Ovefficients 
exe .309 .035 615 .469 .333 .383 
bye .651 —.032 821 .281 .340 .285 
biTexf .508 .717 .839 .550 .392 537 .601 
.463 135 .406 .281 .503 .294 .358 
.458 .586 .659 .621 .530 571 
.383 .276 .495 175 .396 .260 .345 
bge .142 .036 eee (ees 
be cgf .452 .475 ee “ee “ee .464 
bg" 447 .068 .049 .188 
bse —.079 .109 .618 .216 
bs" csf .019 .169 .270 .153 
bsf .604 595 .605 .,601 
bs" .008 068 .036 
bsg 572 .652 .689 .638 

Value at 
5% point .456 .456 .433 .456 .456 195 
Data from Larmour “and MacLeod 
by" cye -560 bg" cge .874 
ez" bye —.333 bee —.666 
Value at | 
5% point 
Data from Gortner, Hoffman and Sinclair 
bz cyze .009 bz" .080 by" .464 
cz" bye —.014 byf .393 ey" by9 .467 
bel cge 1 74 bel cef .097 be" cag 1 7 
bee 5 .183 bef .243 beg .459 
Value at 
5% point .603 .603 .603 


relation to baking quality. This point will be referred to later, in con- 
nection with Kent-Jones’ (1927) theory of optimum coagulation. 

In the Larmour and MacLeod data there is no definite trend in 
either direction (especially since the partial coefficients are nearly all 
insignificant), while the data from Gortner, Hoffman, and Sinclair 
show a decided trend in favour of the non-peptized protein. 
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The second method of analysis was designed to determine the prac- 
tical significance, for purposes of predicting flour quality, of knowing 
the amounts of peptized and non-peptized protein in addition to the 

total protein. When only one independent variable is concerned such as 

' a the total amount of information which it gives is expressed by the 
correlation coefficient rae where e is the dependent variable. When two 
independent variables such as b and c¢ are concerned the total amount 
of information in regard to the dependent variable e is expressed by the 
multiple correlation coefficient R,x.)e. If it is worth while splitting up 
the protein into two fractions and measuring the amount of each frac- 
tion the coefficient R,»-)e will enable us to make a closer estimate of e 
than fae. We cannot compare the two coefficients directly because they 
have been calculated from the same data and will probably be in them- 
selves correlated. An analysis of variance, however, can be applied 
which enables one to judge whether or not the additional knowledge 
with regard to the amount of peptized protein is of value. This test was 
suggested to the authors by Dr. R. A. Fisher and is based on his method 
of applying the analysis of variance to pernaning the significance of 
‘regression coefficients. 

In dealing with two variables such as a and e in which ¢ is consid- 
ered the dependent and a the independent variable the significance of the 
regression of e on a is determined by the following method of analysis: 


Sum of Degrees of Mean 
Variance due to squares —_—sfreedom squares 
2 
Regression function... 6’S(a-4a)? ] 
Deviations from re- S(e-E)? 
_ gression function... S(e-E£)? 
Stee 


Where E£ is the regression function E=@+b (a-d). The mean 
squares contributed by the regression function and by the deviations 
from the regression function are then compared by the usual method, 
(Fisher, 1928) of finding the value of z and referring to a table giving 
= values at the 5% and 1% points for different degrees of freedom. 

The significance of a multiple regression is tested in the same man- 
ner again comparing the variance due to the regression function with 
that due to deviations from regression. It must be remembered how- 
ever, that the regression function is represented by as many degrees of 
freedom as there are independent variables. 


> 
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_ Considering the regression of e on a when 20 pairs of values are 
used we have the sum of squares S(e—E)? contributed by 18 degrees 
of freedom. In the regression of b and ¢ on e we have the sum of 
squares S(e—E‘)* contributed by 17 degrees of freedom. It is there- 
_ fore possible to set up another analysis as follows: 


Sum of Degrees of Mean 
Variance due to _ Squares Freedom Square 
(1) Deviations from | | | 
‘regression of S(e-E)? 
(2) Deviations from | 
band on @.......... S(e-E?)? 17 17 
(3) Additional degree S(e-E)?-S(e-E')? 


of freedom .......... S(e-E)?-S(e-E')? 1 l 


in which the estimates of variance due to (2) and (3) may be compared 
by the z test. In general the deviations from the regression are less and 
consequently the sum of squares of these deviations are less as more 
independent variables are introduced. However the greater accuracy 
with which the regression line fits the actual points may not be commen- 
surate with the loss of an additional degree of freedom with each new 
variable that is considered and we may actually lose in accuracy of esti- 
mation by introducing more variables. This test therefore is particu- 
larly applicable to the case in hand. It is a matter of routine procedure 
in wheat and flour analysis to determine the total protein, from which an 
estimate may be made of the quality. In making an additional determina- 
tion such as the quantity of the total protein peptized we lose one degree 
of freedom and we wish to know whether the new information has 
increased or decreased the accuracy of our estimate. : 
This test was carried out on all of the pairs of correlation coeffi- 
cients such as ree and R,o,c,e and the results are given in Table VII. 
Where the z value indicates a gain in accuracy it is followed by a plus 
sign and where the z value indicates a loss of accuracy it is followed by 
a minus sign. : 
Considering the entire series of frosted samples it appears from the 
s values that the utility of determining the amount of protein peptized 
is greater for the basic method than for the malt or bromate methods 
of baking. This is probably related to the closer association between 
total protein and loaf volume when the improvers are used. As the total 
coefficient rae increases, the multiple R,»-)e does not increase accordingly. 
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For the individual grades we notice no definite trend in favour of the 
multiple correlation. | 
It will assist in analyzing this table on the basis of the z values cal- 
culated to remember that a significant increase in the multiple over the 
total coefficient is indicated by a z value of about .7466 for the grade 
samples of 20 pairs of values and in other samples according to the num- 
ber of degrees of freedom. In cases, however, in which a loss of infor-_ 
mation is indicated (those cases in which a minus sign is placed after 
the z value) the table of z must be entered in the other direction and 
the 5% point is at about 2.75. There are therefore in Table VII, no 
indications of a significant loss of information when the protein frac- 


~ tions instead of the total protein are used for purposes of estimation. 


In the Larmour and MacLeod series there is no evidence of a 
gain from the peptization test. 

The Gortner et al series gives a significant value of z for the 0.5N 
KBr peptization test but for 0.5N MgSO, the results are quite insigni- 
ficant. 

Discussion 

It appears somewhat difficult to correlate and interpret the 
data thus far published on peptization. The extensive researches 
of Gortner and his co-workers furnish strong evidence that the col- 
loidal condition of the flour proteins is involved. This is confirmed 
by the peptization results Geddes (1930) obtained on one flour sub- 
jected to various heat treatments and which showed that peptiz- 
ability progressively decreased with increasing heat denaturation 
or coagulation. In this series of heated treated flours the loaf vol- 
ume at first increased slightly with decreasing peptization and then 
decreased, the decreases in loaf volume (especially when deter- 
mined by the bromate method) and peptizability closely parallelling 
each other. These results, taken in conjunction with the change in 
the relative value of the peptized and non-peptized protein frac- | 
tions of the frosted series reported in this paper, when determined 
by 0.5N MgSO, 0.5N KBr, and 0.5N KI support the suggestion of 
Kent-Jones (1927) that, for satisfactory baking quality, the col-— 
loidal state of the proteins must be within certain limits. He states: 


“It would appear that some weak flours, such as English, 
are too dispersed (too much in the sol state), while others, 
such as Indians, are too coagulated. Strength, then, depends 
on the proteins being within certain limits of dispersion, and 
beyond these limits, in either direction, poor baking quality 
will result.” 


3 
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TABLE NO. VII 
ComparRISON BY ANALYsIS OF VARIANCE OF ToTAL AND MuttiPLe CorrELATION 
CoEFFICIENTS 
| 
Frosted Series | 
Grade No. | 3 
Correlation Entire | ‘ 
Coefficient 2° 3° 4 5 6 Series ‘ 
Pas 511 533 355 -717 511 
732 538 449 .744 .546 
3 1.1543 + 1.0326— 2939 -+ .2021+ .0455 + .8255+4 
Tae 511 533 i 
R .513 .535 
1.5132— 1.4979— 
Tae .533 .595 
R 575 -.704 
.0828+ .7810+ 
Tat .626 .796 877 .688 572 .679 
.694 -.796 .932 .699 .672 .694 i 
5394+ .3850— 1.3344+ .3417— 6757+ .6884-+ 
Taf .626 .796 ; 
R .669 .814 
2694+ 1908+ 
Yar .796 877 572 
.819 .890 .7138 
3255+ 3734+ 9180+ 
Tag .575 423 .864 .719 .654 .689 | 
.628 .735 .878 -720 .690 .698 
z 2918+ .2169-— 3548+ 1.4472— .2259+ .4386+ 
Tag .723 
R .889 
z 1.5400+ 
R .784 .889 .769 
z 6997+ .6908 + .9600+ 
Value of z 
at 5% point +.7466 + .7466 + .7386 + .7466 .7466 + .6729 
Data from Larmour and MacLeod 
Tae 000 Tat 588 847 
R -014 Rioyent 654 871 
z 2.8130— z 4731+ .4698 + 
Tae .000 Taf .588 Tag .847 
R -185 R -602 R .860 
.2247— z .3787— 1219+ 
Value of zat ’ 
5% point + .7424 +.7424 +.7568 
| Data from Gertner, Hoffman and Sinclair 
Tae .539 Tae 539 
 .8668+. z 1.4855+ 
Value of z 
at 5% point + .8163 +.8163 
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It seems logical to assume that the first protein fractions re- 
moved consist of the more highly dispersed (less highly coagu- 
lated) protein which is inferior in relation to baking quality. As 
more and more of the total protein is added to the peptized fraction 
by the use of salts of greater peptizing power, the fraction not 
peptized consists of protein in a progressively less dispersed or: 
more coagulated condition. The addition of protein increments of 
- Imcreasing degree of coagulation to the peptized fraction would 
improve the general quality of the entire fraction. At some point 
a maximum difference between the baking value of the two pro- 
. teins in favor of the non-peptized fraction would be obtained and 
at another point the two fractions would be of equal value. On the 
basis of the optimum coagulation theory, the further transfer of 
coagulated protein to the peptized fraction leaving a too highly 
coagulated protein in the non-peptized portion, would show an in- 
creasing inferiority for this portion, by ~~ use of salts with greater 
and greater peptizing power. 

If these premises are valid, they explain the partial correla- 
tions calculated from the peptization results by 0.5N MgSQsg, 0.5N 
KBr, and 0.5N KI. They also provide an interpretation of the dif- 
ferences in value between peptized and non-peptized protein as 
determined by 0.5N MgSO,, and 0.5N KBr on the three sets of data 
studied in this paper. 

The MacLeod data show no iidibence in value between pep- 
_ tized and non-peptized protein, the data from the frozen wheat 
series show more significant differences—the non-peptized being 
_ of greater value in general. In the data of Gortner et al the results 
are much more conclusive and appear to show clearly the rela- 
tively greater value of non-peptized protein. That such a series 
should exist is extremely interesting and it seems worth while to 
inquire into the possibility of any fundamental differences between 
the sets of flours used. As indicated above, the MacLeod flours 
were obtained from wheats grown from the same seed, but under 
varying environmental conditions. The frozen wheat flours were 
commercial grades in which the damage was almost entirely due 
to frost and to immaturity. The Gortner flours were commercial 
flours of widely different types and origins. 

On the one hand we have flours milled from sound hard red 
spring wheat from the same seed which were, therefore, genetic- 
ally similar. It is probable that the flour proteins lie very close to 
the optimum colloidal condition so that there is little difference in 
the relative value of the peptized and non-peptized fractions using 


. 
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0.5N MgSO, and 0.5N KBr. On the other hand, Gortner and his 
associates worked with flours differing widely in type and origin, 


some of which were weak. In this series the proteins of some of 


the flours studied were probably too highly dispersed and the non- 
peptized protein of this series is the more valuable. In the frozen 
wheat series a greater variation in the state of coagulation of the 
proteins would probably exist than in the MacLeod series, but 
varying less widely in this respect than in the Gortner series, due 


to wider genetic differences in the latter. 


, The results on the frozen wheat series indicate that the test 
would be of no practical value in detecting flours milled from im- 
mature and frost damaged wheat, nor do the results on the care- 
fully selected series of MacLeod offer much encouragement as to 
its utility in studies of the influence of environment on wheat qual- 


ity. The method would, therefore, appear to be of little value in 


estimating such variations in baking quality as occur between 
flours milled from the same type of wheat. 

From the data at present available, a determination of the pep- 
tized and non-peptized protein appears to be of little practicat 
significance in predicting the baking quality of a flour, since, in 


_ general, practically as much information is yielded by a knowledge 


of the total protein. 
Summary | 

Peptization studies have been conducted on 102 straight grade 
flours, experimentally milled from commercial samples of hard red 
spring wheat grown in Western Canada in 1928. These samples 
included wheats grading from No. 2 Northern to No. 6, the pre- 
dominating forms of damage in the lower grades being immature 
and frosted kernels. Peptization determinations were conducted 
on the entire series with 0.5N MgSO, using the Gortner method. 
and on a part of the series with 0.5N KBr and 0.5N KI by a simpli- 
fied procedure. The samples were baked by the basic, malt and 
bromate formulas. | 

The mean total protein and peptized protein were quite uni- 
form for the different grades indicating no essential difference 
between peptizability of the flour proteins from sound wheat, and 
immature and frost damaged wheat. Baking results with the bro- 
mate formula, combined with progressively decreasing responses 
to the differential test indicated inferior baking quality with de- 


creasing grade. 


High negative correlations were obtained between total pro- _ 
tein and percentage total protein peptized, which were not due to 
less complete extraction of the high protein flours. 
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The response of an experimentally milled flour to bromate 
depends, in part, on the quantity of protein present and in part on 
other facts usually included in the term “protein quality.” | 

Correlations computed between percentage of the total protein 
peptized and loaf volume are not a satisfactory measure of the 
relative value of the peptized and non-peptized fractions for baking 
purposes, since their magnitude is, in part, a reflection of the rela- 
tion between total protein and loaf volume. 

Partial correlations involving the use of total protein as an 
_ invariate with peptized and non-peptized protein as variables can- 
not be utilized because total protein contains both these fractions. 

A satisfactory comparison of the two protein fractions may 
be made by computing partial correlations using peptized protein, 
non-peptized protein and loaf volume. 

The basic baking procedure revealed no significant difference 
in the relative value of the peptized and non-peptized protein frac- 
tions for baking purposes and also gave somewhat lower correla- 
tions between protein content of flour and loaf volume than the 
malt and bromate methods. 

The peptization data with 0.5N MgSO, showed the non-pep- 
tized protein to be somewhat superior to peptized protein in its 
effect on loaf volume, while the results with 0.5N KI revealed the 
peptized protein to be superior. —_ data for 0.5N KBr were not 
significant. 

An analysis of the peptization data {with 0.5N MgSO, and 
0.5N KI) obtained by Gortner on flours milled from wheat differing 
widely in type and origin reveals greater differences (in favor of 
the non-peptized protein) than obtained in our studies, while the 
data of MacLeod on Marquis wheat grown from the same seed 
under different environmental conditions revealed no significant 
_ difference between the baking value of the two fractions. 

The “optimum coagulation” theory affords an explanation of 
the peptization data thus far published. | 

A method for estimating the practical Ginificance, for pur- 
poses of predicting loaf volume, of determining peptized and non- 
peptized protein in addition to total protein has been devised. 
Application of this method to the peptization data thus far pub- 
lished indicates that little additional information as to the probable 
baking value of the flour is obtained than when total protein alone 


is known. 
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Wood, T. B. 
1907 The chemistry of the strength “4 wheat flour. II. The shape of the | 


loaf. Jour. Agr. Sci. 2: 267- 


Wood, T. B., and Hardy, W. B. 
1908 and colloids. The state of gluten. Proc. Roy. 


Soc. London (B) 81: 38-43. 


SHELF TO INCREASE ASHING CAPACITY OF LABORA- 
TORY ELECTRIC FURNACE 


RAYMOND HERTWIG 
Hecker H-O Company, Inc., Buffalo, New York 

(Received for publication March 1, 1930) 

The floor area of the laboratory electric furnace limits the © 
number of ash determinations that can be run with each charge. 
This floor area can be approximately doubled by a simple remov- 
able shelf easily constructed in any laboratory. The subsequent 
plan of construction of shelf and supports gives a maximum work- 
ing area and convenience of location of parts, and requires no 
alterations and possible injury of the furnace lining. , 


©0000000000 
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Fig. 1. Construction of Shelf and Supports. 


Abliestos board, thick, with %4” perforations to permit 
circulation of air, and fitted to the inside dimensions of the furnace, 
serves for the floor of the shelf. Four narrow strips of similar as- 
bestos board fitted to the shelf edges with dove-tail joints serve 
as supports and firmly hold the shelf in position. ba diagram illus- 
trates the wees and fitting of parts. | 


RELATION BETWEEN CRUDE PROTEIN CONTENT AND 
LOAF VOLUMES OBTAINED BY TWO DIFFERENT 
METHODS OF BAKING 


R. H. 


Quaker Oats Company, Saskatoon, Sask., Canada 
(Received for publication April 23, 1930) 


The quality of wheat is largely determined by reference to 
external appearance. This method of grading is valuable for pur- 
poses of estimating the probable yield of flour, freedom from 
defect or unsoundness, etc. However, this method is but an approx- 
imation, and practically all mills of any size in America accept or 
reject their wheat on the protein content basis as fixed by nitro- 
gen determinations. The strength of the blended mix of wheat 
going to the rolls each day is governed in a similar manner. 

Little direct evidence is available regarding the relation of the 
protein quantity of wheat to the baking strength of the resultant 
flour as milled in a commercial mill. This is due to the fact that 
the miller attempts to keep his mix at a uniform protein level to 
insure an even protein content in his flour. That such a relation 
exists, however, appears certain on account of the universal de- 
mand for high gluten content in flours for bread-manufacturing 
purposes. In order to determine this relationship, recourse must 
be had to the experimental mill. 

In experimental milling about 2 kg. of wheat are milled into 
flour by a process not essentially different from that of a commer- 
cial mill, and the flour is comparable to commercially milled flour 
of the same extraction. Thus the relation between protein content 
and baking strength of the two flours should be the same. The cor- 
relations reported by Zinn (1923), Mangels (1926), Blish and Sand- 
stedt (1925), and Bailey and Sherwood (1926) between these two 
variables, appear of rather low magnitude. Larmour and MacLeod 
(1929) published results of a series of baking tests using both bro- 
mate and basic methods, obtaining much higher correlations when 
bromate was used in the formula. It was, therefore, thought de- 
sirable to include a formula containing an improver in addition to 
the usual baking formula in determining the baking value of the 
1929 wheat crop to determine if a strong correlation existed be- 
tween protein content and baking strength. The knowledge of the 
reaction towards improvers of flours milled from wheats of various 
origins, as well as protein contents, would also be highly desirable, 
as bakers almost invariably employ them in some form. 
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The samples, consisting each of about 6 lbs. of wheat, were 
drawn from various carload lots at the time of unloading. These 
particular cars were chosen chiefly for diversity of origin and 
range in protein content. The wheat, when received at the labora- 
tory, was cleaned by passing repeatedly through a separator until 
the dockage had been removed. It was then tempered and milled. 
Protein and moisture tests were run on the wheat as well as on 
the flour milled therefrom. The wheat moisture was determined 
on a Brown Duvel electrically-heated moisture tester; the flour 
moisture by heating in an air oven for one hour at 130°C. Ashing 
was done overnight at dull redness. | : 

A two-roll Allis Chalmers experimental mill was used for the 
milling. The wheat was brought to a moisture content of 15% 
some hours before milling. A 75% patent flour was produced, the 
clear flour being discarded as the inclusion of the lower grade stock 
would only impair the quality of the flour and might lessen the 
applicability to commercial practice of the conclusions drawn from 
the tests. These flours were all bleached by an application of Nova- 
del equivalent to a dosage of one pound to 45 barrels before baking 
or analyzing. The bleaching was accomplished through the agency 
of a suitable apparatus, insuring a thorough incorporation of flour 
and reagent. | | 

The baking procedure used was a slightly modified form of the 
“Basic Standard Procedure” described by Blish (1928). Fermenta- 
tion and proofing times and temperatures were according to the 
Blish method. The doughs were hand mixed in specially made 
earthenware bowls, the dimensions of which were: Height 4% in. _ 
diameter 5 in. and thickness of wall % in. The following formula 
was used: 


Flour 100 g. 
Yeast 3 g. 
Sugar 2.5 g. 
Salt 2g. 


Water as required for proper consistency 


The salt and sugar solution as well as the water were added 
from a burette. The yeast suspension was measured in a 10 cc. 
graduated cylinder. All solutions were corrected for volume of 
solute contained therein. The doughs were run in pairs at intervals 
of 5 min. and were punched, panned and handled throughout in 
pairs. In mixing, 125 “cuts” were made with the spatula, then the 
dough was folded 20 times in the hands before placing in the 
lightly greased bowl, covered, and the bow] placed in the fermenta- 
tion cabinet. Eight folds were made at first punch, 5 at second, 
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to prevent overworking the doughs due to greater depth of bowl 
as compared to those used by Blish. No attempt was made to bake 
at a constant absorption as such a proceeding would have been 
practically impossible in the range of flour studied. The baking 
was done in low tins of the following dimensions : Top 10x6.3 
cm., Bottom 7.5 x 4.3cm., Depth 4 cm. 

In computing the baking score for each flour, the following 


method was used: 


Loaf volume—x 0.1 | 
Maximum value—10 


Symmetry—x 1 

Grain of loaf (thickness of cell wall)—x 1 7 Maximum value—10 
Color of loaf—x 1 Maximum value—20 
Texture (feel and spring)—x 1 Maximum value—10 


These individual scores were then added, the sum being the baking 
value of the flour. This system was used to bring into considera- 
tion the chief characteristics of the loaf, expressing the final results 
in a single value. 

In this study, it was thought that the loaf volume figure alone 
would give a fairly true representation of the baking value of the 
various flours since not only is it by far the largest single score in 
the system mentioned, but it is free from influence of color fluctu- 
ations. While color is an important factor in commercial valuation | 
of flour, it has not been shown to affect the strength and therefore 
in a study of strength only, it is not significant. 

Following the method used by Larmour and MacLeod (1929) 
the bromate differential test was applied to these flours in a 
slightly modified form. One milligram of potassium bromate and 
1% of diastatic malt were added to the basic formula and the flours 
rebaked. The response to this treatment as found by Larmour and 
MacLeod can be grouped roughly into three classes: 


I. Those responding negatively. 
II. Those exhibiting little or no effect. 
III. Those showing a significant positive response. 


In this study, a significant positive response is an increase of 4% 
or more. It was also found by these workers that further stimula- 
tion could be effected with those flours showing a positive response 
of over 10% with bromate and malt, by treatment with 0.5% 
Arkady and 3% malt. This formula is rather drastic and requires 
a fairly high protein flour to react favorably with it. Weak flours, 
containing less protein, fall down badly under Arkady and malt and 
are unable to withstand the sudden inflation due to increased evo- 
lution of gas during the first few minutes in the oven. The baked 
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loaf in these cases shows evidence of harsh treatment, such as a 
light, yellowish crust color, cracks in the crust, and holes in the 
interior of the loaf. 

The potassium bromate was added by means of a 1 cc. pipette, 
each cc. of solution containing one milligram of the bromate. The 
Arkady was added in 10 cc. portions, each portion containing 0.5 
grams of the improver. The malt was introduced as a solution, 
12 cc. of which contained 3 g. of malt and 10 cc. of distilled water. 


TABLE I 


DescriPTION OF WHEAT SAMPLES 


Weight % Crude Weight % Orude 


No. Grade Per Bu. Protein No. Grade Per Bu. Protein | 
1 3° Poor 59 12.4 86 i°¢ 64% 15.1 
2 ge 59 3 37 1° 61 12.2 
3 1° 64 12.5 88 1° 63 12.7 
4 2° 64 14.8 39 1° 61% 14.3 
5 1° Good 64% 418.8 40 2° 62% 14.8 
6 2° 64 13.2 41 1° 63% 13.5 
7 2° 62 7 13.8 42 2° 61 14.3 
8 1° Very good 66 14.4 43 ae 57 16.5 
9 : B® 62 14.8 44 2° 60 16.5 

10 1° 64% 12.4 45 , 2° 63 12.8 

13 2° 60 16.7 46 2° 61 14.2 

14 : 3° 62 15.3 47 2° 61 14.5 

15 1° 66 48 63 16 

16 2°" 55 16.2 49 1° 65 14 

17 3° 62 11.4 50 1° 61 15.2 

19 2° 64 12.6 52 2° 62 13 

20 8° 64% 13.2 53 2° 61 12.95 

21 1° 62% 13.1 54 i” 61 12.5 

22 le 62 14.3 55 1° 61% 13.1 

23 2° 62% 12.6 56 1° 63 13.7 

26 1° 60% 13.6 57 1° 61 13.5 

28 ,° 64 11.8 58 2° 60% 12.7 

29 5 63 16.9 59 1° 62 13.4 

31 2° 59 15.6 60 i* 62 13.3 

82 2° Tough 61 13.4 61 2° 65. 9.9 

83 2° 63 12.2 62 eg 64 12.1 

34 ° 64% 12.3 63 2° 63 10.4 

35 2° 61% 16.4 64 BAe ys 64 11.8 

| 65 1° 61% . 15.9 


_ In Table I, a description of the wheat samples is given showing 
the grade assigned by a government inspector, the weight per 
measured bushel, and the crude protein content. It will be noted 
that the majority of the samples fall into grades 1 and 2; the re- 
mainder aré‘all’'3 Northern, there being no lower grades received 
in carload lots. There was no evidence of frost damage and only 
one sample graded tough. There was a considerable’ range’ in 
weight per measured bushel, from 55 to 66 lbs. Little if. any rela- 
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tionship between grade and bushel weight is evident from inspec- 
tion of the data. 

The protein range is from 99 to 16.9%, and does not appear to 
be significantly related to either grade or test weight. A positive 
correlation of r = + .9359=+ .0111 was obtained between the pro- 
tein content of the wheat and the protein of the 75% patent flour 
milled therefrom, this justifying the popular belief that a strong 
protein wheat will produce a strong protein flour. No. 8 was 
a particularly fine appearing sample having a remarkably high test 
weight. While such a wheat will produce a high flour percentage 
when milled, the resultant flour for baking purposes was not so 
good as flour milled from a higher protein, lower grade wheat as 
No. 13, which graded 2 Northern and only had a weight of 60 lbs. 
per measured bushel. Two samples, Nos. 61 and 63 were outstand- 
ingly low in protein and gave flour which baked into loaves of very 
poor volumes and low baking scores. No. 61 was the poorest sam- 
ple of the lot in baking strength, although it had a high test weight. 
It also had the lowest protein content (9.9%). 

The baking and analytical data of the flours (75% patent) 
milled from these wheats are shown in Table II. The volumes and 
baking scores, it will be noticed, are given for two baking methods 
for each flour, as well as the differences in volume between the 
loaves obtained with the two methods and the per cent increase in 
loaf volume of the improver formula over that of the basic systems 
alone. The volumes and scores shown in the table were the maxi- 
mum ones obtained, either with the use of 1% malt and 0.001% 
KBrOs, or with 3% malt and 0.5% Arkady. When Arkady was 
used, the corresponding volumes obtained with 1% | malt and 0.001% 
KBrOs are shown in Table IV. 

It is clearly evident that the stronger flours of a high 
protein content give a surprising increase in volume under stimula- 
tion of bromate or Arkady, while the lower protein flours give a 
very much lower positive response, or else a falling off. An out- 
standing example of the first type is No. 25, giving a positive in- 
crease in loaf volume from 529 to 730 cc. and a change in baking 
score from 85.9 to 114. Similarly, Nos. 5, 43 and 44 show a marked 
_ increase in loaf volume, the volumes obtained corresponding to the 
protein content of the flour, whereas the basic method gives vol- 
umes increasing in magnitude with decrease in protein quantity. 
The low flours, as Nos. 61 and 63, show no such stimulation; No. 61 
shows a falling down (evidence of weakness) under the improver 
and No. 63 remains practically the same being evidently incapable 
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of further improvement. Flours Nos. 26 and 34 show a difference 

in protein content of nearly 2%, but give practically identical loaf 

volumes by the basic method. Under the action of an improver, 

however, the stronger protein flour gives a loaf 110 cc. larger in 

volume. 
TABLE III 


Comparisons oF Loar Votumes wiTH Basic FormMvuLA, Basic FormMvuLA 
+ 0.001 KBrO, anv Basic Formuta with 0.5 Arxapy + 3% Matt 


Loaf Volume 
Basic + 1% Malt Basic + 3% Malt 


No. Sample Basic + 0.001% KBrOs + 0.5% Arkady 
13 520 as 
14 525 €235 CAO 
20 4 
502 580 610 
26 529 G9) 
26 | 472 560 620 
29 520 640 670 
31 525 615 615 
35 . 545 620 630 
43 505 
44 535 
‘ 48 490 560 600 
50 515 580 620 
52 485 530 555 
53 485 520 590 
56 500 595 620 
57 490 - §60 595 
TABLE 


AVERAGE Protein CONTENT AND AVERAGE Loar VoL_uMEs OF FLours ARRANGED 
in Groups on THE Basis OF Protein CONTENT 


Crude Protein Average Loaf Volume 


Range Average Basic Improver 

0 % ce. ce. 

9-10 9.0. 442 442 

iF 10-11 10.9 477 500 
11-12 11.44 475 527 © 

12-13 12.48 496 564 

13-14 13.5 | 612 612 

14-15 14.5 526 651 

15-16 15.2 : 525 650 

16-17 | 16.0 529 730 


Figure 1 is a dot diagram of the basic loaf volume and flour 
protein content for the 59 samples. Figure 2 is a dot diagram for 
the improver loaf volume and protein content of the same 
samples. The regression lines have been calculated from the for- 


mula #s= - rey y+ rev y and drawn into the diagram. 


The data resulting from the baking tests and the protein determinations 
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Protein of flour-Per cent 


Fig. 1. A dot diagram of the Protein of Flour per cent and Loaf 
Volume (Basic). 


n= 59, r= + .6704+.0483 
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Loaf volume. 


Protein of flour -Per cent 


Fig. 2. A dot diagram of the Protein of Flour per cent and Loaf 
‘Volume (Improver Formula) 


n= 59, r= + .8571+.0283 


Protein of flour -Per cent 


Fig. 3. Relation of Loaf Volumes obtained with Basic and Improver 
Formulae to Protein of Flour-per cent. 


Curve A: Basic. Curve B: Improver 
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of these 59 samples were arranged in groups on the basis of protein con- 
tent. All the samples containing less than 10% of crude protein were 
included in the first. group, those with 10.0 to 10.9% in the second group 
and so on by 1% intervals to 15.9%. Only one sample fell into each of 
the groups 15.16 and 16.17. The average loaf volume obtained by both 
methods was then calculated. The data is shown in Table IV and de- 
picted graphically in Fi igure 3. : 

Figure 1 represents in detail the data presented as curve A, Fig- 
ure 3. An inspection of the diagram reveals no significant increase in 
loaf volume over a 4% range of protein, from 12% to 16%. Similarly 
there are no decreases in loaf volume of significance from 12.5% to 9% 
protein. The dots are distributed parallel to the base axis, and the 
probability of predicting loaf volume from protein content is not very 
great, the correlation coefficient between the variables being 
r= + .670 + .048. The points on curve A, Figure 3, when con- 
nected appear to lie on a straight line with the possible exception 
of the two last, in the 15-16% protein range. This may be due to 
there being only one sample in each of the groups 15-15.9% and 
16- 16.9% protein, or else curve A instead of being straight may 
be a section of a parabola. 

Figure 2 is a dot diagram of the improver loaf volume and pro- 
tein content of the same samples. Here, the distribution indicates 
a much stronger relationship between loaf volume and protein con- 
tent, the loaf volume tending to increase fairly regularly with 
increasing protein. Curve B in Figure 3 shows the same data in a 
condensed form. The points lie on a straight line within experi- 
mental error, having a greater slope than curve A. The correlation 
r = + .857 + 0.23 indicates in this case a much greater probability 
of predicting loaf volume from protein content. 


Summary | 

A study was made of 59 samples of Marquis wheat, grown in 
the territory more or less adjacent to Saskatoon. They were milled 
experimentally into a 75% patent flour and the-flour baked by the 
basic method. They were also baked by a formula including 1% 
of malt and 0.001% KBrOs3. In the case of an increase of volume 
greater than 10% by the latter method, the samples were rebaked 
with 3% malt and 0.5% Arkady. Coefficients of correlation be- 
- tween baking strength and protein content obtained by the latter 
metholl were significantly higher and appeared to justify the con- 
clusion drawn by Larmour (1930) that commercial use of the pro- 
tein test is justified as a factor in the classification of hard red 
spring wheat. 
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RELATION OF THE OVERGRINDING OF FLOUR TO DOUGH 
| FERMENTATION 


L. P. Karacsony1? AND C. H. BAILEy 
Division of Agricultural Biochemistry, 
University of Minnesota, St. Paul, Minn. 
(Received for publication August 1, 1930) 


Since roller milling came into vogue there has been consider- 
able discussion as to the relative importance of the size of the flour 
particle. Many flour millers are of the opinion that granulation is 
very important in producing quality flour, and some believe that the 
success of their particular brand is due to a definite degree of fine- 
_ ness which they have adopted as standard. It is generally conceded 
that the properties of flour may be altered by mechanical treat- 
ment. The nature and degree of this alteration has been made the 
subject of considerable study. 


HISTORICAL 
1. Granulation and Overgrinding 

The investigations dealing with the effect of granulation of the 
flour on its chemical composition and baking quality may be divided 
into two main groups. One includes those examinations which 
were conducted in order to observe the behavior of the different 
sized particles of which flour is normally composed; the other, 
those in which the whole flour, ground to a definite fineness, or a 
definite number of times, was the subject of investigation. 

Since it was not the aim of the writers to conduct further 
investigations that would belong to the first group, they should be 
mentioned here but briefly. 

Richardson (1914) showed that flour containing a large propor- 
tion of granulates which pass through a No. 21 silk bolting cloth 
tends to lump and the baking quality was affected. _ 

LeClerc, Wessling, Bailey and Gordon (1919) found that “the 
quality of the coarse and very fine portions or separates is inferior 
to that of the intermediate. In every case the quality of the bread 
made from the intermediate granulates is superior to that of the 
original flour.” The very fine granulate was by far the poorest part 
of the flour, with respect to the quantity and quality of the gluten 
and the quality of the bread produced from it. The water absorp- 
tion capacity paralleled the gluten content. 


1 Published with the approval of the Director as Paper No. 967, Journal Series, 


Minnesota Agricultural Experiment Station. 
2 Fleischmann of Minnesota, 1929-30. 
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Shollenberger and Coleman (1926) reported that the water 
absorption of the coarsest siftings was generally the highest, and 
that of the finest was the lowest. Bread possessed of the best grain 
and texture, greatest volume, and brownest and smoothest crust, 
was produced from the siftings of intermediate fineness. The color 
score appeared to be better in the case of the finer siftings, but in 
general these proved to be inferior as a bread flour. The differences 
in chemical composition were not significant. 

The most recent investigations of this type were presented by 
Kress (1929). In his work the flours were divided into 8 portions, 
using Nos. 11 to 16 XX sieves for effecting the separations, and 
subjecting each sample to chemical and baking tests. He concluded 
that the most valuable part of the flour is that of medium granula- 
tions ; the more even the granulation, however, the better the bak- 
ing quality. It was further found, in contradiction to the statement 
that fine flour ferments faster than coarse flour, that “both fine and 
medium granular flour such as ordinarily made in good milling had 
practically the same rate of fermentation.” 

To the second group belong the investigations of Shollen- 
berger, Marshall and Hayes (1921), of Alsberg and Griffing (1925) 
and in part those of Shollenberger and Coleman (1926). 

Shollenberger, Marshall and Hayes (1921) investigated thé 
effect of “grinding to different degrees of fineness” on the baking 
quality of flour. | 

Alsberg and Griffing (1925) reduced the materials in two ways. 
In the first case the flour was ground to four different degrees of 
fineness, but as in the investigations of Shollenberger, Marshall and 
Hayes, every sample contained the whole flour, reduced to a given 
degree of fineness. In the second case the flour was ground in a 
porcelain ball mill with flints for 36 and 53 hours, respectively. 
In consequence of the latter treatments the flours were much more . 
finely distintegrated than by the former. They concluded that 
“overgrinding flour injures the starch granules so that part of the 
starch swells and disperses when the flour is doughed.” One result 
is an increase of cold water extract from dispersed starch. This 
was first observed by Wanklyn and Cooper (1881). “Another result 
is increased diastatic starch conversion in the flour from which an 
increased initial rate of fermentation follows. Severe overgrinding 
injures flour for baking purposes despite increased absorption due 
to swelling of starch granules. Evidence is presented that it also 
injures the gluten. Moderate overgrinding may injure the starch 
granules without much affecting the gluten.” 
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Shollenberger and Coleman (1926) found that when flours 
were ground a number of times or to a certain degree of fineness, 
“the doughs of the finest ground materials were in some instances 
inclined to be sticky and weak. The excessive grinding showed 
some tendency to slow up the rate at which the flour absorbed 
water, but the total quantity absorbed increased very markedly and 
consistently with the number of times of grinding.” As to the color 
and grain of the crumb, the best scores were from materials treated 
the least. The texture was little affected. No very pronounced 
alteration in the color and condition of the crust was noticeable. 
They found further that the cold water extract and the diastatic 
power increased progressively with excessive grinding. 


2. Saccharogenic Activity 

It has been indicated that certain investigators observed that 
the “diastatic” or “saccharogenic” activity (as proposed by Bailey, 
1925) of the flour is substantially increased by overgrinding. 

Pascoe, Gortner and Sherwood (1930) maintain also that the 
-saccharogenic activity of the flours is largely influenced by the 
degree of granulation. The autolytic saccharogenic activity of an 
aqueous suspension of a flour sample milled in the commercial mill 
and reground in a ball mill for twenty hours was increased approxi- 
mately 35%. They state that without extended fermentation 
periods the basic procedure does not permit detection of flours low 
in saccharog@nic activity from loaf volume values, evidently 
because during the relatively short fermentation period the added 
sugar is sufficient for the nutrition of the yeast. 

Rumsey (1922) believed that “the flour showing the greater 
diastatic power should show the greater strength and consequently 
the greater baking value, providing the relative quality and quan- 
tity of the gluten is the same.” It is logical therefore that at least 
in certain cases attempts should be made to ene the dia- 
static power. | 

Collatz (1922) indicated that “in all cases the use ol malt 
extract gave a superior loaf of bread in volume, grain and texture, 
thus increasing the baking strength of the flour.” “Addition of dia- 
static ferments converts the starch to reducing sugars and in the 
earlier stages of fermentation produces surplus of fermentable 
sugars in the doughs made from strong flours. This surplus soon 
disappears as the activity of the yeast increases.” “The strong 
flours showed a higher sugar content and greater diastatic activity 
than did the weaker flours. The starch of the strong flours ap- 
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peared to be more easily hydrolyzed by diastatic ferments than that 
of the weaker flours.” 

_ Sherwood and Bailey (1926) showed how diastatic activity can 
be increased by the addition of small quantities of germinated 
wheat. The length of the germination period was found to be im- 
portant. Large quantities of germinated wheat effected a reduction 
in baking value which probably could be attributed to the activity 
of proteases. 

Mangels (1926) reached the conclusion that “the diastatic 
activity of flour as measured by Rumsey’s method is the result of 
the combined effect of diastase concentration and the relative sus- 
ceptibility of the starch of the. flour to diastase attack. The 
variation in diastatic activity of flour appears to be due in large 
part to the susceptibility of the starch granule to diastase attack, 
rather than to the concentration of diastase present.” 

Malloch’s (1929a, 1929b) investigations further emphasized the 
necessity for distinguishing between the resistance of the starch to 
diastatic action and the actual activity of the diastatic enzymes in 
studying the saccharogenic power of flour-water mixtures. 

It was shown by Brown and Heron (1879) and Maquenne 
(1904) that mechanically injured starch granules are more readily 
attacked by diastase. 

Bailey (1925) states “that two advantages accrue from a fairly 
high diastatic activity of bread doughs. The first involves the main- © 
tenance of a fairly constant and reasonably high sugar level. The 
second involves the economy which results from using starch of the 
flour as the source of fermentable sugars, since the sugar required 
for the yonet is obtained more cheaply from flour starch than from 
added sugar.” 

Blish and Sandstedt (1925) and Lites Blish, Sandstedt and 
Platenius (1929) found a high positive correlation between crust 
color and diastatic value, if the flours were baked by the basic 
method, and they believe that in this method crust color furnishes 
an indication of diastatic value almost as useful as a direct deter- 
mination of the latter. 

Martin (1920) demonstrated that if the gas-producing capacity 
of the flour is not satisfactory, the deficiency can be rectified by the 
addition of a diastatic preparation. | 


3. Gas Production and Gas Retention 


The success of the conversion of the flour into superior yeast 
leavened bread depends largely on its gas-producing and gas-retain- 
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ing capacity. The first of these seems to be closely related to the 
saccharogenic activity. , 

Wood (1907) reaches the conclusion that: “The rate of gas 

evolution and size of the loaf run parallel, and it seems certain, 
therefore, that it is more particularly the gas given off in the later 
stages of dough fermentation that determines the size of the loaf. 
This being so the size of the loaf will depend, not so much on the 
sugar present in the flour as such, as on the diastatic capacity, 
which will cause continued sugar formation and consequently con- 
tinued gas evolution in the dough.” 
Baker and Hulton (1908) said: “It is certain that some of the © 
carbon dioxide concerned in the rise of bread, especially in the 
later stages of doughing and in the earlier period of baking, is 
formed from the fermentation of the maltose produced by the 
action of the diastase on the flour starch.” The general conclusion 
_ of Baker and Hulton was that gas retention appeared to be a more 
important factor than gas production. 

Humphries and Simpson (1909) suggested that it is the gas 
_ evolved in the latter stages of fermentation which is the more im- 
portant factor. 

Martin’s work (1920) is in effect a continuation of that of 
Wood. He found that “neither the total gas nor the amount lib- 
erated during the proving period determines the size of the loaf, 
yet in order to obtain a large loaf an adequate supply of gas must 
be available, but that a deficiency of gas can be rectified by the 
addition of suitable diastatic preparations.” “The amount of gas 
retained by the doughs varies with the percentage of gluten in the 
dough,” and “there is a marked difference in the gas retaining 
powers of the glutens from various sources.” | 

The difficulty of using the expansion (volume) of a dough as 
a measure of diastatic capacity is due to the weakening of the 
gluten after the second or third hour. “Curves plotted to show the 
relation between the amounts of gas generated and the volumes 
of the doughs were fairly regular for the first part of the experi- 
ment, but erratic for the latter part, the irregularity coinciding 
with the appearance of holes in the surface of the doughs.” 

He states that a strong flour must possess a minimum gas-pro- 
ducing and high gas-retaining capacity, a statement which may be © 
disputed by some American investigators. 

Bailey (1916) described a method for measuring the gas pro- 
duction of the dough by means of a specially constructed éxpansi- 
meter. He further suggested that instead of Humphries’ and Bif- 
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fen’s term: “a strong wheat is one which yields flour capable of 
making large, well-piled loaves” the following statement should be 
preferred: “The strength of the flour is determined by the ratio 
between the rate of production of carbon dioxide in, and the rate 
of loss of carbon dioxide from, the fermenting mass of dough.” | 

A few years later Bailey and Weigley (1922) demonstrated 
that “the loss of carbon dioxide per unit increase in volume under 
controlled conditions affords a useful measure of the gas-holding 
capacity of dough.” A procedure was described by means of 
which such data may be obtained for comparing different flours. 
They in addition made the interesting suggestion that “ripening 
of dough during fermentation may be in part the result of solution 
in the dough of carbon dioxide, which may later become available 
for expending the loaf when the latter is placed in the oven to 
bake.” | 

Two different devices were described by Bailey and Johnson 
(1924) for convenient determination of the optimum fermentation 
period. These could be substituted for the accurate but too compli- 
cated method formerly developed by Bailey and Weigley (1922). 
In the first method, total dough expansion is determined and also 
dough expansion plus carbon dioxide loss. The difference regis- 
tered represents the quantity of carbon dioxide which has escaped 
from the dough. The second device is the modification of the Oster- 
hout apparatus, by which only the rate of carbon dioxide loss is 
determined. The values, however, are useful criteria of the stage of 
fermentation. 


EXPERIMENTAL 


The Problem. On studying the literature presented, it will 
appear that considerable work has been done to ascertain the effect 
of granulation and of different mechanical treatments upon the 
quality of flour. This has included some investigation of the influ- 
ence of treatments upon the saccharogenic activity, and the gas- 
producing and gas-retaining ability of doughs made from flours so 
treated. Since observations regarding the gas production and gas 
retention have only been incidental to general effects caused by 
differences in particle size and so far as we are aware have not 
been extensively investigated, we preferred to conduct a more 
definite study of the effect of overgrinding on the fermentation rate 
of flours of different origin. In addition it was desired to investi- 
gate whether differences in saccharogenic activity might be re- 
flected in the gas-producing and gas-retaining ability of doughs 
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when Gvergroue and the corresponding untreated flours are com- 


pared. 
Flour 


Four different flours were studied 


No. 12228: Milled from a blend of both winter and spring wheats, 
possibly also containing some soft wheats. The sam- 
ple was received from Washington, D. C., and contained 
11.6% moisture, 0.37% ash and 9.8% protein. 

No. 12428: The wheat mixture from which this was milled con- 
tained a high percentage of western white wheat. The 
flour was milled in Seattle, Wash., and contained 12.5% 
of moisture, 0.37% of ash and 10.2% of protein. 

No. 12508: An 80% patent flour milled from a blend of spring 
wheats by the Minnesota State Testing Mill, contain- 
ing 14.5% moisture, 0.45% ash, and 11.7% protein. 

No. 12778: A bleached straight grade flour milled from a blend of 
hard spring wheats, with 13.5% ——* 0.49% ash 
and 11.9% protein. 


Methods 

Overgrinding. For the preparation of the flours the experi- 
mental milling equipment was used. Two kilos of the commercially 
milled patent flour was first bolted through a 25XX silk sieve. The 
scalpings were ground between the smooth rolls, set as close as 
possible. After each grinding the material was bolted and the 
scalpings ground again. After having been ground and bolted 
twelve times, a very small part of the flour could not be reduced to 
the fineness wanted. This branny part was pulverized in a porcelain 
mortar, bolted and added to the overground flour. To make the 
flour uniform the whole was mixed very carefully, then bolted 
three times through a coarse sieve. 

This procedure corresponds to that used by Shollenberger, 
Marshall and Hayes, by Alsberg and Griffing, and by Shollenberger 
and Coleman in a part of their investigations. The overground flour 
contained all of the original flour, nothing was taken away, and 
nothing added. 


Saccharogenic Activity. For the determination of the saccharo- 
genic activity Rumsey’s procedure was used with slight modifica- 
tion as noted by van der Lee (1929). A 10 gram sample of the flour 
was weighed and transferred to a 250 cc. Erlenmeyer flask, which 
was placed in a water thermostat at 27°C. After attaining the 
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temperature, 70 cc. of distilled water of the same temperature was 
pipetted into the flask and the flask rotated and the lumps disinte- 
grated by means of a small glass rod. The suspension was stirred 
up every 15 minutes. After 60 minutes digestion 3 cc. of 15% 
sodium tungstate was added followed by the addition of concen- 
trated sulfuric acid until a drop of the suspension would turn a 
drop of a 0.04% thymol blue indicator a decided pink color. Then 
two or three drops of the acid were added in excess. 

After rinsing into a 100 cc. volumetric flask the suspension was 
centrifuged for 5 minutes at high speed. The reducing sugars were 
determined at once in a 20 cc. aliquot of the clear solution by the 
method of Bertrand (1906). | 

The procedure for the determination of the blank was the 
same except that enzymic action was inhibited by sulfuric acid 
and clarification with sodium tungstate immediately after the addi- 
tion of water to the flour. 

Malloch’s (1929a) remark that the sugars should be deter- 
mined immediately after the centrifuging proved to be entirely 
justified ; otherwise it is quite impossible to get reliable results. 

- From the weight of maltose in milligrams was subtracted the 
maltose equivalent of the blank and the difference in terms of 
maltose per 10 grams of mont was recorded as a measure of dia- 
static activity. 

Gas production and gas retention. In preparing doughs for the 
gas production and retention tests, the following formula was_ 
used: 


Flour 300 grams 
Sugar 7.50 grams 
(except in instance of sugar-free doughs) 
Salt 5.25 grams 
Yeast 9.00 grams 
Shortening | 6.245 grams 
Water Sufficient 


The doughs were sedenit for 3 minutes in a Fleischmann mixer. 
Description of the further procedure will be found in the discus- 
sion of the gas experiments. 

The method for studying the carbon dioxide diffusion ratio — 
of doughs of the original untreated and overground flours was the 
same as described by Bailey and Johnson (1924) and will not be 
detailed here. The only two differences were that in the first place 
instead of inserting the beakers into a perforated waxed paper 
cylinder, the specially-made perforated glass beakers were used 
as developed later by St. John and Bailey (1929). In the second 
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place, since in certain cases the containers would not hold com-_ 
pletely fermented doughs made with 50 g. of flour, the size of the 
- dough was reduced to the equivalent of 40 g. of flour. 


Saccharogenic Activity . 
The saccharogenic activity of the four flour samples both over- 
ground and untreated was determined by the method previously 
described. The values recorded in Table I were obtained. 


TABLE I 


INCREASE IN SACCHAROGENIC ActTiviry oF Firours Due to OvERGRINDING 


. Anhydrous Maltose in mg. by 


Diastase per 10 gm. Increase 
No. Untreated Overground 
12228 82.3 121.3 47.4 
12428 43.0 75.5 75.6 
12508 66.5 100.9 


12778 : 110.4 136.1 23.3 


In accordance with the observations of other investigators the 
results contained in Table I clearly show that saccharogenic activ- 
ity in an aqueous flour suspension is substantially increased by 
overgrinding the flour. The last column represents the percentage 
increases due to overgrinding. These data are of considerable 
interest. They seem to indicate that if the saccharogenic activity 
of the untreated flour is comparatively low, the increase is much 
more significant than if the original value is higher. Thus over- 
grinding flour No. 12428 increased it in this property by 75.6 per 
cent, while with. No. 12778 the increase was only 23.3 per cent. 

The increase in saccharogenic activity is not believed to be 
due to any stimulation of the diastase, but rather to an increase 
in accessibility of the starch to the diastase. Overgrinding in- 
creases this accessibility by making a greater percentage of the 
starch dispersable in water and also by freeing much of it which is 
imbedded in a gluten matrix in normally ground flour. : 


Gas Production and Gas Retention 
Since overgrinding causes certain changes in the properties 
of flour, due to the alteration of the size of the particles and its 
effect upon the behavior of the components when the flour is sub- 
jected to external influences, it would seem reasonable to suppose 
that these changes would be reflected in the fermentation rate of 
doughs made from such flours. It might be presumed that as a 
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result of overgrinding the gas production and ~ retention would 


be modified. 
_. The fermentation rate of the different flours was studied 


through the use of different dough treatments. (1) The doughs 
were placed in the beakers immediately after mixing and the carbon 


dioxide generation observed for a 4 hour period; (2) the doughs, 


before placing them in the containers, were previously allowed to 
ferment for 3 hours by the regular procedure and then observed 


for 3 hours; (3) the doughs were treated in the same manner as 


(1) except that the sugar was omitted from the formula. 
The tests were always made in duplicate in the same deter- 


- mination, doughs being mixed of both overground and untreated 


flours. After the doughs were inserted in the beakers for the gas 
tests, readings were made every 15 minutes. 

The data representing the results of all of these experiments 
are. expressed in the five graphs plotted with time in minutes as 
abscissas and volume in cc. as ordinates. The curves A represent 
the progressive expansion of the dough plus the volume of the 
escaping gas, 1. e., the total carbon dioxide produced by the activity 
of the yeast. Curves B show the expansion of the dough. The dif- 
ference between the values recorded in Curves A and B are 
recorded in Curves C which accordingly represent the volume of 


carbon dioxide that escaped from the dough. Curves in solid lines 


give the results for doughs made from untreated flours, and curves 
in broken lines record values obtained for doughs made from the 
corresponding overground flours. Curves at the left of figures 1 
to 4, which extend through 240 minutes represent observations 
upon doughs immediately after mixing, while those at the right 
extending through 180 minutes represent aliquots of the same 
doughs which had been previously fermented for 3 hours. 

The results from the first group of the experiments upon 
freshly-mixed doughs indicate that there are only small differences 
between the fermentation rate of the overground and untreated 
flours. The expansion plus carbon dioxide loss, and the carbon 
dioxide loss alone were in every case somewhat greater for the 
doughs made from overground flours. The dough expansion was 
greater in three out of four cases for the same flours, but the dif- 
ferences are not significant. Until about 90 minutes have elapsed, 
almost the entire quantity of carbon dioxide produced is’ retained 
in the doughs; total gas and dough volume curves nearly coincide 
to this point. From this time on the further expansion ceases and 
the volume of the dough remains almost constant throughout the 
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experiment, and the expansion curves are nearly a horizontal line. 
On the other hand at this stage the carbon dioxide loss increases 
rapidly, as indicated by the sharp break of Curves C. 

When the results as expressed in all these curves are aver- 
aged, we find that the overground flours produced 12 cc. more gas 
than the untreated. Since the expansion of the former was 3 cc. 
more than that of the latter, this gives a 9 cc. greater carbon dioxide 
loss for the overground flours during the whole 4 hour period. In 
terms of percentages these values represent only an increased gas 
production of 2.60 per cent and an increased carbon dioxide loss of 
1.95 per cent for the overground flours, which are probably too 
small to be of significance. | 

The ability of the dough to produce a good loaf of bread is 
chiefly dependent upon its gas-producing and gas-retaining capacity 
and condition after panning and when placed in the oven. To obtain 
the best picture of dough condition it would seem desirable to fer- 
ment it in the usual way and then to measure its gas-producing 
and gas-retaining capacity from the time it normally receives its 
last handling in the baking test. This might give a truer measure 
of the ability of a dough to rise in the pan and spring in the oven 
than a gas production test which begins at mixing time and con- 
tinues for several hours with ngne of the kneadings usual in baking 
procedure. | | 

After being mixed the doughs therefore were fermented at 30° 
C. for the usual 3 hours with the first punch at the end of 105 min- 
utes and the second after an additional 50 minutes period. After 
the third period of 25 minutes, that is at panning time, aliquots of 
the doughs representing 40 g. of flour were placed in the beakers 
and the carbon dioxide diffusion rate determined through a 3 hour 
period. | | 

Data recorded in Figures 1 to 4 show that the differences 
between overground and untreated flours, after 3 hours fermenta- 
tion, are not more significant in this case than are shown in the 
experiments with freshly mixed dough. The carbon dioxide loss 
was greater and the expansion smaller to some extent for the 
doughs prepared from overground flours. This indicates that the 
rate of gas production is not as high after 3 hour fermentation as 
immediately after mixing. The break of the curves B and C makes 
its appearance after about 105 minutes, but the breaks are not as 
sharp as appear with freshly mixed dough. : 

The average gas production was 1 cc. greater, the expansion 
5 cc. smaller, for the overground flours. This means that 6 cc. more 
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Figs. 1 and 2. Oomparison of the fermentation of doughs mixed from 
Flours 12228 and 12428 before and after overgrinding. Ourves A 
represent the sum of the increase in volume of the dough and the carbon 
dioxide lost from the dough; Ourves B the increase in volume of the 
dough; Ourves © the carbon dioxide lost from the dough. Ourves start- 
ing at extreme left of figure represent observations upon freshly mixed 
dough; those starting after 180 minutes record observations upon doughs 
fermented for that length of time. Solid lines record data from the 
ns ag flour doughs, broken lines from the same flour after over- 
ng. 
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Figs. 3 and 4. Comparison of the fermentation of doughs mixed from 
Flours 12508 and 12778 before and after over-grinding. Ourves A repre- 
sent the sum of the increase in volume of the dough and the carbon 
dioxide lost from the dough; Curves B the increase in volume of the 
dough; Curves O the carbon dioxide lost from the dough. Ourves start- 
ing at extreme left of figure. represent observations upon freshly mixed 
after 180 minutes record observations upon doughs 
Solid lines record data from the 
lines from the same flour after over- 


dough; those startin 
fermented for that 
untreated flour doughs, broken 
grinding. 
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carbon dioxide escaped from the doughs made from such flours. 
Expressed in percentages these values show 0.34% increase in gas 
production and a greater loss of carbon dioxide of 2.04% for the 
overground samples until the end of the experiments. 

Since significant differences were not detected in the fermenta- 
tion rate between overground and untreated flours it seemed 
advisable to investigate the circumstances when the 2.5% sugar 
was omitted from the formula. Two flours were studied for a 4 
hour period, commencing immediately after the doughs were mixed. 
The data are recorded in Figure 5. 
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Fig. 5. Comparison of the fermentation of doughs prepared without 
sugar in the dough formula. Curves A represent the sum of the increase 
in volume of the dough and the carbon dioxide lost from the dough; 
Curves B the increase in volume of the dough; Curves O the carbon 
dioxide lost from the dough. Ourves starting at extreme left of figure 
represent dough made wet flour 12428; curves at right represent dough 
made from flour 12778. In both instances the observations were made 
upon the dough immediately after mixing. 


Examination of the curves obtained with flour No. 12778 indi- 
cates that omitting the sugar had no marked effect upon the fer- 
mentation of this flour. In the case of flour No. 12428, however, 
after about 200 minutes both cagbon dioxide production and carbon 
dioxide loss was less in the untreated sample than in the over- 
ground. Previous to this decrease there had been very little evi- 
dence of any appreciable difference caused by overgrinding. This 
was a flour strikingly poor in saccharogenic power as previously 
shown. 

All these Sucnrvetiows are the more interesting because Als- 
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berg and Griffing (1925) in studying a Turkey red and a hard spring 
flour found that the carbon dioxide loss was much more rapid for 
the overground than for the corresponding untreated flour in the 
early part of fermentation. Since these investigators used the 
Osterhout method, they were unable to determine whether this 
increased evolution of carbon dioxide was due to a more rapid gas 
production or to a decreased gas retention capacity. = 

In mixing the doughs for the gas production and retention 
tests, a consistent increase in absorption was observed due to over- 
grinding. The difference was of the order of 3 to 5%. In the 
doughs which were allowed to ferment for 3 hours previous to the 
test, a slightly greater tendency to slacken was noticed in the 
doughs from overground flours than irom the untreated. 

A few loaves were baked from all of the flours involved in 
these gas tests. No attempt was made to make an extended study 
_of the effect of overgrinding on baking quality as measured by the 
regular test baking procedure. The results secured were in gen- 
eral agreement with those obtained by other investigators. Aside 
from the increased absorption, which has already been referred to, 
the most marked effects of overgrinding were found in the 
tendency toward a more grayish crumb and darker crust in the 
loaves baked from overground flours. 


| Summary 

Overgrinding wheat flours resulted in substantial increases in 
diastatic activity as measured by the Rumsey autolytic method. 
The magnitude of the proportional increase was in inverse ratio 
to the initial diastatic activity of the untreated flour. 

Gas production and gas retention in freshly mixed doughs, and 
in doughs previously fermented for 3 hours were not substantially 
modified by overgrinding. This suggests that the Rumsey method 
for measuring diastatic activity may fail at times to afford an 
adequate basis for estimating the fermentation potentialities of | 
a wheat flour when measured either in terms of gas production, 
gas retention, or fermentation tolerance. | 
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CONTRIBUTION TO THE KNOWLEDGE OF COLLOID 
CHEMISTRY OF GLUTEN. III. 


HL. BUNGENBERG DE JONG AND W. J. KLAar 


Laboratory Maatschappij de Korenschoof, Utrecht, Holland 
(Received for publication August 27, 1929). 


In a former publication? the influence of-varying alcohol con- 
centrations on the viscosity of gliadin solutions was investigated. 
This paper will deal with the phenomena observed upon addition of 
acetone to gliadin solutions. 

Just as gliadin dissolves easily in definite alcohol-water mix- 
tures, so it does in definite acetone-water media. This can be ex- 
plained by assuming that acetone reacts in aqueous solution (in 
regard to the hydration of the protein particle) as a polyhydroxy 


1 Cereal Chem. 7: 222-224 (1930). 
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alcohol, by addition of water to its C=O radical. Therefore it is 
to be expected that we will meet with practically the same phe- 
nomena in acetone media as in alcoholic media. However, it is 
desirable to discuss briefly the phenomena observed upon addition 
of acetone to gliadin solutions, because a great part of the inves- 
tigations on the lyotropic influence of different electrolyte solu- 
tions are done in acetone-water mixtures. These researches will 
be published later. 

First, the influence of acetone on the viscosity of a clear gliadin 
solution was investigated. 

An optically clear gliadin solution was prepared by shaking 
1.5 g. of gliadin with 4 cc. 0.1.N HCl and 51 cc. distilled water. Of 
this gliadin solution 2.5 cc. portions were diluted with different 
quantities of acetone and made up to mark (25 cc.) with distilled 
| water at 25° C. in a thermostat. At the same time, acetone-water 
i mixtures with the same acetone concentrations were made. The 
| acetone used was rectified before the experiments. By dividing the 
| viscosity values of the corresponding protein-acetone solutions and 
| the acetone-water mixtures, the relative vincomty of the protein — 
| | in these media was calculated. 

Table I gives the results of our experiments. 

In Figure 1 is plotted the curve of the relative viscosity with 
changing acetone concentration and the curve of relative viscosity 
of the same protein solution in media with different alcohol con- 
centrations. These experiments indicate: 


1. The viscosity of the acetone-water mixtures passes through 
a maximum at about 44% acetone by volume. 

2. The viscosity of gliadin (acetone-water) mixtures passes 
through a maximum at about the same acetone concentra- 
tion as the corresponding acetone-water dilution. 

3. The relative viscosity of the protein solution increases until 
a concentration of about 44% acetone in solution is reached; 
after this a rapid fall takes place. 


TABLE I 


INFLUENCE OF VARYING ACETONE CONCENTRATIONS ON THE VISCOSITY OF AN 
Acip-GuiapIn SOLUTION 


Acetone, cc. ) 3 6 8 10 | 15 20 
Na+dc .... 1.876 1.680 1.756 1.884 1.847 1.834 1.683 1.024 
NAc+w ..+. 1.282 1,448 1.548 1.600 1.606 1.600 1.479 0.9815 
Ne+Ac 
iio 1.104 1.118 1.129 1.188 1.147 1.149 1.147 1.188 1.043 


Increase, % 13.4 240 82.7 42.1 44.0 42.1 3838.3 £458.8 
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The explanation of these 
phenomena is to be found in 
, pee the fact that in contact with 
aqueous solutions of acetone 
C containing less than 44% of 
ro | acetone, the protecting layer 
410 : of the particle increases be- 
cause the acetone penetrates 
the original hydrate layer. 
—-~Acetone Herewith is coupled a sta- 
| bilizing effect on the sys- 
ne tem; in higher acetone con- 
| | centrations the particle gra- 
dually loses its protecting 
layer, the emulsoid passes 
into a suspensoid, and the 
charge of the particle only 
remains as a stability factor 
(influence of traces of elec- 
Fig. 1. Influence of varying acetone and trolyte, Tyndall effect, etc.) 
alcohol concentrations on the . : 
relative viscosity of an By comparing the curves 

| oo for relative viscosity in ace- 
tone and alcoholic media, the following are found: (1) While the 
relative viscosity curve in the alcoholic solution rises gradually, 
the acetone curve rises straight to its maximum. These differences 
can be caused either by the nature of the colloid surface or by a 
substance adsorbed on the surface. In the last case the differences 
between the two curves can be explained by assuming that acetone 
directly expels the adsorbed substance from the surface, while 
alcohol does the same gradually. (2) The per cent increase in vis- 
cosity at the gnaximum is larger for acetone than for alcohol, vis., 
the protecting layer in acetone medium at the maximum is larger 
than in 60% alcoholic solution; in other words, the stability is 

greater in acetone. | 
The influence of acetone on separated gliadin solutions was in- 
vestigated. The same visible phenomena were found as in alcohol 
medium, the cloudy protein solution becoming water-clear by addi- 
Microscopically, the following facts were established: By add- 
ing a trace of acetone to a separated solution with many protein 
globules, the globules begin to swell. By increasing the acetone 
concentration the drops lose their outline and the liquid becomes 
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optically void. From this we may conclude the acetone penetrates 
into the globules. As a consequence, the primary colloid particles 
of which the globules are composed become strongly hydrated (the 
protecting layer consists of acetone-water) and the particles are 
driven into colloidal solution. | | 

The dispersing influence of acetone on unmixed solutions was 
viscometrically studied in the following way: 2.5 cc. portions of a 
separated protein solution, prepared by shaking gliadin with an 
insufficient quantity of acid for total peptization (1.5 g. gliadin + 
1.5 cc. 0.1 N HCl + 53.5 cc. H2O) were mixed with varying quanti- 
ties of very dilute HCl and 11 cc. acetone, and afterward diluted to 
25 ce. at 25° C. With this quantity of acetone we obtained (by 
changing the pH) gliadin-acetone-water mixtures at their max- 
imum of viscosity. All these mixtures were water-clear. At the 
same time, hydrosols with corresponding quantities of HCl were 
made. After equilibrium was reached in the acetone solutions, vis- 
cosity determinations were made at 25° C. in Ostwald viscometers. 
Table II gives the results of these determinations. 


TABLE II 


INFLUENCE OF CHANGING AcIDITY ON THE MaximuM OF VISCOSITY OF A 
Guiapin 


ween 1.062 1.078 1.086 1.099 1.104 1.104 1.097 1.085 1.056 1.039 
pate 4 1.767 1.798 1.809 1.835 1.844 1.843 1.825 1.799 1.744 1.724 
Ne+Ac 
Nw+Ac 1.100 1.117 1.126 1.143 1.149 1.148 1.136 1.120 1.086 1.074 

Increase, % 61 50 47 44 43 42 40 41 54 = 889 


The relative viscosity of the sols at different concentrations of 
acid, calculated from these values, can be found in the fifth (hori- 
zontal) line, while in the sixth line appears the per cent rise in 
viscosity from the hydrosol at different concentrations of acid, by 
adding 11 cc. acetone. The last mentioned values decrease upon 
addition of acid until the point of maximum hydration of the col- 
loid particle in the hydrosol is reached. After, this point these val- 
ues decrease slightly by changing the H-ion concentration to the 
acid side. Afterward, by addition of more acid, a strong increase 
occurs. : | 
By plotting the values of the per cent rise against the viscosity 
of the corresponding hydrosols, a curve of the same shape as: in 
alcohol medium results. The interpretation of these facts is the 
same as given in a previous paper in a study on the influence of 
alcohol on gliadin solutions. The large per cent rise at both sides 
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of the maximum indicates that two areas of separation exist. 

From the preceding facts it appears: 

1. That the influence of acetone on an acid gliadin sol is in 

the main the same as of alcohol. 

2. That an acetone-watér mixture containing about 44% ace- 

tone by volume is a good solvent for gliadin. 

The acetone-water mixtures mentioned before can be used 
with profit for the preparation of gliadin from gluten on account of 
the great stability o# the protein in this medium. Care must be 
taken that the extraction of gliadin takes place at a pH as near as 
possible to the isoelectric point of glutenin. This will be discussed 
in a later paper. 

| Summary 

The relative viscosity of an acid gliadin sol passes through a 
maximum in 44+% acetone by volume. 

In acetone concentrations a strong dehydration takes 
place. 

A gradual increase of the per cent rise in relative viscosity in 
44% acetone takes place at both sides of the point of maximal 
hydration of the gliadin sol. 

Separation may be observed microscopically at both sides of 
this point in aqueous medium. 


PROBLEMS PECULIAR TO THE PACIF IC NORTHWEST 
CEREAL CHEMIST 


T. R. JAMEs AND J. W. MONTZHEIMER 


Spokane, Wash. 
(Read at the Convention, May, 1930) 


Every cereal chemist have heard the age-old alibi that all 
variations in flour are due to differences in the wheat. Now in 
describing some of the problems of the western cereal chemist 
we must again admit that the wheat is the cause of all our troubles. 

Pacific Northwest wheat-producing areas are bound by Idaho, 
‘Washington and Oregon. The combined production for these three 
states annually runs 90,917,265 bushels. Another 6,500,000 bushels 
of Hard Red Spring and Hard Red Winter are shipped into these 
States from Montana for manufacture. We must consider this 
wheat too when figuring the large number and varieties of wheat 
that these mills must dispose of. 
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The largest problem which every chemist in this section must 
solve each year, the best way possible, is how to utilize to ad- 
vantage the large number of wheat varieties which are grown by 
farmers in these States. It must be remembered that all of these 
varieties are more or less different and at times the price of one 
may be more advantageous to the miller than another. Gluten 
quality not only varies from one variety to another but the same 
variety shows wide differences according. to the district where it 
has been grown. | 

In otder that we may see just how vast this difference really 
is we may compare Montana and the other three States in which 
we are interested. Ninety-six per cent of all the wheat grown in 
Montana is of two varieties, namely, Hard Red Spring (Marquis) 
and Hard Red Winter (Turkey). In the State of Washington the | 
acreage is given over to growing-over twenty-five varieties ; 30% 
is Hard White Baart and Bluestem, 25% is Turkey, and 55% is 
distributed more or less evenly between twenty-two other varie- 
ties. Oregon farmers grow about twenty-one different kinds ; 26% © 
being Turkey, 10% Gold Coin, a Soft White and 35% Club and Club 
Hybrids. This leaves 30% of their acreage to divide among eigh- 
teen other varieties. Idaho grows 18% Baart and Bluestem, 10% 
Dicklow, a Soft White, 15% Marquis and 26% Turkey, leaving 
about 30% of their acreage devoted to fifteen other varieties. | 

Each year new varieties are introduced and many times these 
show entirely different characteristics than the kind for which they 
have been substituted. The farmer has spent most of. his time try- 
ing to find better yielders, while the requirements of the mills have 
not even been considered. | | 
In order that you may get a better idea of how many varie- 
ties really are grown, let us check the acreage for the state of 
Washington over a four-year period. | 

We have 30% of the acreage devoted to growing Hard White 
of the following varieties: Baart, Bluestem, Hard Federation, Bur- 
bank, Defiance and Bunyip. 

25% of the acreage is devoted to Soft White Wheats, the fol- 
lowing wheats being grown: Gold Coin, Forty Fold, Soft Federa- 
tion, Club, five different Club Hybrids and Jenkins Club. 5% of the 
acreage is devoted to Hard Red Spring (Marquis). 25% is devoted 
to Hard Red Winter, chief of which are Turkey and Ridit. 15% 
is devoted to Soft Red Winter, chief of which are Jones’ Fife, 
Triplett, Red Russian, and Coppei. ieee varieties not mentioned 
are only grown on less than one pe of the total acreage. 
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Besides the above-mentioned varieties which each mill re- 
ceives and must blend off, it must be remembered that almost 
every mill purchases its share of the wheat grown in Montana and 
manufactured here. These varieties must be binned and kept by 
themselves for various blends and bakers grades. 

In addition to the problem of handling a large number of wheat 

varieties, the Pacific Northwest chemist has a large range of pro- 
tein within each variety, which presents a considerable problem 
from the standpoint of milling a uniform flour. 
_ Washington Baart received at Spokane this year has ranged 
from 9.0% to 14.5% protein, Washington Turkey from 8.0% to 
14.0%, and Washington Marquis from 8.5% to 14.0%. (All protein 
figures are on 13.5% moisture basis.) Montana Marquis ranging 
from 11.5% to 18.0% protein has been received, and Montana Tur- 
key from 11.05% to 15.0% protein. : 

Among varieties received in smaller quantities were Hard 
Federation from 10.5% to 14.0% protein and Club from 7.5% to 
13.0% protein. 

While writing principally on the basis of figures at Spokane, 
we have other figures which are not for small lots but for type 
_ samples, each representing a considerable quantity of wheat. These 
figures cover most of the wheat districts of Washington, Oregon 
and Idaho. This data shows Turkey varying from 7.6% to 14.5% 
protein, Western Red from 7.8% to 12.8%, Baart from -11.0% to 
14.4%, Soft Federation from 7.1% to 11.4%, Forty Fold from 8.0% 
to 12.6%, Club from 7.9% to 11.5%. 

Many of the Pacific “Northwest mills do not have large ele- 
vators and very few are equipped with a reasonable number of bins 
for blending before storing in the large elevator bins. Therefore, 
most of the chemists in our section have a continuous puzzle to 
work on in the problems of binning wheat. 

Naturally the milling of so many varieties is in itself a prob- 
lem. The chemist must be careful in making his blends to give a 
combination that can be properly tempered, usually with a limited 
number of tempering bins. Also many of the smaller mills attempt 
to grind all kinds of flour using only one unit and even mills using 
more than one unit oftentimes are forced to grind flour on a unit 
unsuited for the purpose. | 

_ Aside from problems in milling, are those presented to the 
chemist, who must test all these varieties. While many wheats in 
this section are best suited to pastry flour even the low protein 
wheats show a large variation in the quality of their gluten. Pro- 
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tein alone means nothing in testing these wheats and the chemist 
must use his judgment and devise ways of testing the wheats to 
as to best segregate those of different gluten quality. The vis- 
cosimeter is used by some for this work and others have at- 
tempted to actually measure the stretching and breaking point of 
the gluten with an extensimeter. Really reliable methods are still 
lacking. The baking test on the pastry type of wheats proves more 
or less unsatisfactory. 

In testing baker’s grade flours in this section, we are con- 
fronted with wheats of widely variable fermentation periods. On 
one hand we have the white wheats with rather good quality gluten 
but low in fermentation tolerance, some of the shorter patents re- 
quiring only about three hours in the ordinary laboratory formula 
to reach their limit. Montana spring wheat flour, on the other hand, 
will stand up over five hours under identical conditions. Hard 
spring flour made from wheat grown in Washington as compared 
with Montana, shows a large difference in fermentation time, as 
also in the baking quality. Naturally blends of these various wheats 
give flour varying in fermentation time required somewhere be- 
tween three and five hours. Any attempt to ferment all these flours 
exactly the same fermentation time, leads to conclusions which are 
at best difficult to interpret. 

Since sO many varieties are grown, it means that it will be 
found impossible to secure certain of them later in the season that 
may seem plentiful at first and which may have been used in some 
*of the blends to such a degree as to affect the quality of the flour 
when other varieties are substituted. It may be suggested that the 
remedy for this situation is to use only varieties of wheat which 
are grown abundantly. However, it is usually these standard va- 
rieties which command a better price than their equivalent of the 
less well-known varieties, and the chemist cannot ignore econom- 
ics in his work. | 

The situation has one cheerful aspect at least, as it seems to 
be improving. Fewer varieties are being grown each year, and 
since there is a tendency to pay a somewhat higher price for the 
more standard varieties, we believe that the improvement will 
continue. 
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BOOK REVIEW 


The Microbiology of Starch and Sugars. By A. C,. Thaysen and L. D. Gal- 
loway. 336 pages. Price $8.50. Oxford University Press, New York. 1930. 


This book will prove attractive to the practical microbiologist and chemist 
who is interested in the identity of the microflora of cereals and other farina- 
ceous materials, as well as the changes produced by these organisms. Scientists 
who are interested in the subject from a purely academic point of view will 
find the volume to be of considerable service not alone because of the dis- 
cussion in the text but also because of the excellent bibliography of the litera- 
ture. Commercial applications are not overlooked, however, and are discussed 
in the appropriate positions in a concise manner. 

- This volume is a companion to the book by Thaysen and Bunker entitled : 
“The Microbiology of Cellulose, Hemicelluloses, Pectins and Gums” which was 
published by the Oxford Press ‘in 1927 
7 The book here reviewed is divided into five parts, which in turn are sub- 

divided into a total of thirty-three chapters. In Part 1, the constitution and 
biochemical properties of starch, glycogen and inulin are outlined. Micro- 
flora responsible for the hydrolysis of these substances is discussed, as well 
as the hydrolysis of di-, tri,- and tetra-saccharides and certain glucosides. 


In Part 2 is described the mechanism by which monoses are fermented to 
various end-products. This includes a discussion of aerobic and anaerobic 
dehydrogenation of hexoses. The production of butyric, lactic, propionic, 
gluconic and citric acids, of butyl alcohol and many other products is presented 
in this section. There is also consideration of the fermentation of pentoses. 


Part 3 is devoted quite largely to the synthetic activities of microorganisms. 
The synthesis of starch and other polysaccharides is discussed, as well as 
the formation of mucus from carbohydrate substrates by various molds and 
bacteria. 

Part 4 is devia’ to the microbiology of cereals and cereal products, and 
thus should prove of special interest to the cereal chemist. The epiphytic 

flora of the growing grain is considered, with particular reference to the 
- effect of climatic conditions upon this flora, and the contributions made to it 
by the microflora of the soil. A survey of the changes attributed to microflora 
in stored cereals containing varying percentages of moisture is presented in 
this section, together with a review of the literature which make reference 
to the properties of flour mill products manufactured from such cereals. The 
flora of ordinary bread dough and of the causative agents of bread diseases 
are also discussed in the same section. 


Part 5 deals with the organisms encountered in the cane and beet sugar 
industries, particularly as these are related to the problems of the manufacture 
and storage of sugar. 

It is difficult, of course, for the authors to completely cover the details 
of these numerous subjects within the confines of a book of this size. This 
difficulty is offset in part by the inclusion of a rather extensive bibliography, 
which enables the worker to use the book as a review of the literature, and 
as a point of departure for further study in his own particular fields of 
interest. Its use in this connection is facilitated by the inclusion of both subject 
and author indexes. 

In addition to being well documented, the text is easy to read, due to a 
pleasant style of writing. Moreover the chemist without more than the usual 
fund of microbiological knowledge may read the book with pleasure and under- 
standing since the taxonomic terminology is not distastefully prominent. It 
serves to emphasize, however, the fact that jsome microbiological training is 
desirable in the education of the food chemist. 

—MILLARD F. GUNDERSON. 
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